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i  Th*  D«iralopa«nt  of  Imaunological  Reactions  and  the  Problem  of  the 
Inoofflpatibillty  of  Tissue  Traniplants 


Q.  V.  Lopashov  and  0.  G.  Stroyera  (Moscow) 


The  importance  of  the  problem  of  tissue  incoMpatlblllty  for 
biology  end  medicine  hardly  requires  special  proof.  Its  significance 
for  practice  sterna  from  the  fact  that  for  grafting  surgery  has  had 
to  use  tissues  of  the  seme  person;  tissues  of  other  individuals  are 
used  as  temporary  transplants,  as  substrates  for  replacement  by  the 
host  tissues.  With  the  expansicn  of  the  problems  of  restorative 
Bxjrgery  it  is  becoming  progressively  more  necessary  to  bring  about 
permanent  tissue  acceptance  of  the  transplantable  tissues,  by  meens 
of  which  we  can  hope  to  reach  the  point  of  regular  restoration  of  lost 
organa.  Herein  is  the  significance  of  the  problem  for  future  resto¬ 
rative  surgery; its  theoretical  importance  is  no  less.  Incompatibility 
usually  comes  from  congenital  hereditary  differences  between  the 
tiaauee  of  different  indivJ.dual6,  breeds  and  species.  If  it  ware 
possible  to  fin-  means  of  overcoming  the  incompatibility,  It  would  be 
shewn  how  to  change  these  differences,  to  control  them,  and,  finally, 
to  penetrate  more  deeply  Into  the  nature  of  them.  The  present  article 
haa  tha  aim  of  solving  this  problem,  as  a  first  approximation,  and 
outlining  means  of  future  research  in  this  very  Interesting  field. 

1.  The  Gytologioal  Basis  of  Immunological  Phenomena 


Iraeunological  roactlona  constitute  the  most  important 
groundwork cf  incompatibility  phenomena. (Tha  phenomena  of  incompatibility 
(like  the  problem  of  surmounting  them)  are  naturally  not  based  on 
humoral  relations  alone  but  include  the  other  relations  of  the 
transplant  and  the  rest  of  the  animal’s  body  as  a  complex,  among 
which  relations  an  essential  part  oust  be  played  by  the  regulatory 
influences  of  the  nerve  connections.  However,  the  many-sidedness 
of  tha  problem  causes  us  to  limit  ourselves  here  to  the  group 
connection,  the  role  of  which  comes  out  with  particular  evidence 
and  with  the  clarification  of  which,  therefore,  we  can  hope  with 
the  greatest  success  to  begin  untangling  the  problem  as  a  whole). 

This  has  been  shown  by  Sokolov(1925,  1$2^)  and  confirmed  by  Medawar 
(19^^,  19^5,  19^<5)  and  Harris  (19^5,  19^6)  subsequently.  In  the 
specific  form  In  which  we  encounter  them  in  animal  organisms  the 
immunological  phenomena  constitute  a  protective  adaptation.  They 
serve  for  defense  of  the  animal  against  destructive  agents  which 
have  penetrated  into  it  through  its  outer  defenses;  this  applies 
chiefly  to  bacteria  and  other  foreign  bodies  of  organic  origin, 
that  is,  to  those  the  basis  of  which  is  made  up  of  proteins.  These 
defense  reactions  extend  to  include  grafted  foreign  tissue  transplants 
also.  Defensive  phenomena  have  evolved  regularly  within  the  limits 
of  the  animal  world.  It  1#  well  known,  beginning  with  the  classic 

L  studies  of  Kechnikov,  that  In  lower  multicellular  animals  only  the  i 
purlmordia  of  then  exist  in  the  foija  of  phagocytic  activity  with  --  i 
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j  respect  to  feroigti  bodies,  v;itb  increese  ir>  structural  ooaplexity  j 
and  particularly  with  th^  development  of  the  vascular  systeas,  another, 
more  perfect  type  of  defensive  phenomenon,  the  immune  reactions  proper, 
acquiree  greatest  importance  along  with  the  phagocytic  type.  They 
conaist  of  the  formation  of  accessory  (protein)  substances  which,  on 
entrance  of  foreign  bodies  (with  a  protein-base  structure)  into  the 
body,  combine  with  them  end  deprive  them  of  activity.  The  former 
are  called  "antigans*)  the  latter,  "antibodies,"  The  fact  Is  essential 
that  these  antibodies,  by  and  large,  do  not  arise  at  the  site  of 
entrance  of  theee  bodies  (baetafia  and  others)  but  rather  In  special 
sites  in  the  animal,  and  they  are  formed  not  only  during  the  entrance 
of  foreign  bodies,  in  response  to  their  presence  hut  also  are  produced 
later  throughout  the  lA  of  the  organism,  continvdng  to  protect  it 
against  repeated  invasions  of  this  type.  With  the  entrance  of  each 
successive  portion  of  bacteria  or  proteins  this  iamunolcgioal  activity 
is  enhanced  or  bursts  out  with  new  vigor..  However,  for  us  such 
an  ordinary  Interpretidlon  of  the  immunological  phenomena  as  a  defensive 
adaptation  against  bacteria,  prevalent  in  medical  immunology,  is 
inadequate.  Numerous  investigations  (?ll’bar,  19^8,*  Konikov,  1948; 

Boyd,  1949*  Landsteiner,  1946  and  others)  have  shown  that  such  immune 
reactions  occur  also  in  case  the  most  varied  substances,  having  proteins 
as  their  blochendoal  basis,  are  introduced  into  the  body.  Examples 
are  blood  sera  and  other  proteins  of  different  animals  and  plants,  blood 
cells  of  animals  and  other  cells,  and,  finally,  various  purified 
proteins.  Thereby,  the  specificity  of  these  reactions  is  assoclatod 
not  only  with  the  proteins  themselves  but  so  with  the  accessory 
chemical  groups  on  the  protein  base;  these  groups  are  called  "dater- 
ndnant"  groups  or  "haptanes"  (Landsteiner,  19^^).  Haptenes  alone 
without  a  protein  base  cannot  evoke  the  formation  of  the  corresponding 
antibodies*.  The  latter  belong  to  a  certain  class  of  pretsin  bodies,' 
namely  to  the  group  of  ganma-globullns. 

The  specificity  of  the  immune  reactions  for  foreign  proteins 
is  striking;  Vney  constitute  the  finest  of  the  biological  reactions, 
making  it  possible  to  dlstingioish  various  organic  substances  where 
all  the  biochemical  methods  ere  ineffective.  Immunologically,  blood 
sera  and  blood  calls  of  related  species  and  breeds  are  different 
from  one  another;  on  this  the  method  of  detecting  kinship  of  animals 
and  of  plants  is  based  (Taliyev,  1940;  Landsteiner,  1946).  The 
most  detailed  studies  along  this  line  have  bean  made  on  pigeons, 
cows,  ducks,  chickens,  rats,  fish,  infusoria  and  other  animals.  In 
these  works  the  comparison  of  the  lBat.imelogioal  tests  of  related  forms, 
of  their  hybrids  and  progeny  can  constitute  the  demonstration  of  the 
accuracy  of  the  method.  By  precipitating  tlie  antibody-producing  serum 
of  a  rabbit  with  the  serum  or  blood  cells  of  one  of  the  parents  (satura¬ 
tion  reaction)  it  is  possible  to  show  a  number  of  separate  antibodies 
in  the  residual  ser\im  which  distinguish  both  parents  (Irwin,  1949). 
Another  example  of  the  accuracy  of  the  method  is  the  fact  that  the 
serum  obtained  against  "male"  sperm  cells  ^hat  ia,  containing  the 

L"Y"  ohromosomaj  affects  these  cells  saleotivsly  and  does  not  affect  1 
the  "female"  sperm  cells,  and  vie?  versa  (Shrader,  194?).  Finally^J 
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I  as  a  yaavil't  of  iaaPinoXogleal  raactlona  auliataneaa  are  produced 

In  the  body  of  an  unrelated  epeciea  which  are  cinllar  to  thoae  fomed 
in  the  ipeoiei  from  which  the  antigens  are  obtained.  In  the  ova  and 
sperm  cells  of  sea  virchins  there  are  complementary  substances^fertllisln 
and  antifertilisinoowhich  combine  with  each  other  in  fertilization; 
substances  like  them  can  be  obtained  Immunologically:  the  injection  of 
one  of  these  substances  into  the  blood  of  a  rabbit  causes  the  formation 
of  substances  in  the  latter  which  give  the  reactions  of  the  opposite 
substance  and  which  causa  precipitation  of  the  former  (Tyler,  19^7). 

All  these  data  show  that  underlying  immune  reactions  is  the 
capacity  of  the  bodies  of  higher  vertebrates  to  react  with  the  forma¬ 
tion  of  accessory,  paired  substances  to  any  proteins  ’’unknown"  to  the 
organism.  These  reactions  lead  to  the  formation  of  protein  substances 
the  specific  nature  of  which  is  determined  by  the  characteristics  of 
the  substance  to  which  they  react  rather  than  by  the  specific  features 
of  the  organism  itself.  The  unusual  breadth  of  these  reactions,  their 
fineness  (specificity)  and,  finally,  the  fact  that  they  can  lead  to 
the  formation  of  antibodies  similar,  in  a  number  of  respects,  to  the 
specific  substances  of  an  unrelated  speoiee  indicate  the  fact  that  we 
shoidd  not  consider  the  Intmune  reactions  a  simple  defensive  adaptation 
ocoxurring  as  such.  Rather,  their  protective  role  can  be  represented 
as  a  specific  evolutionary  expression  of  a  more  general  mechanism, 
deeply  tmderlying  vital  phenomena.  (The  eonsideratione  preaented  bslow 
in  this  chapter  represent  a  brief  statement  of  the  ideas  of  the 
evolution  of  structure  and  metabolism  of  cells  in  relation  to  a 
number  of  other  basic  vital  phenomena,  particularly  ontogenesis, 
developed  by  one  of  the  authors). 

It  seems  probable  that  underlying  the  immune  reactions  are 
general  phenomena  of  evolution  of  aetaboliam  end  structure  of  the  cell. 
If  we  turn  to  methods  of  development  and  heredity  in  unicellular 
organisms  (Lopashov,  19^9),  we  see  the  following  characteristic 
features  of  them.  A  more  or  less  direct  transition  of  a  number 
of  substances  and  separata  structures  or  their  precursors  from 
generation  to  generation;  at  the  same  time,  their  variety  is  relatively 
low  within  the  limits  of  the  cells  organisms.  Therefore,  in  unicellular 
animals  there  is  no  need  for  the  regular  occurrence  of  a  large  nucaber 
of  different  structures  or  substances  for  creating  them  during  the 
course  of  formation  of  the  individual.  The  ontogeny  of  mammals  is  a 
different  matter.  In  contrast  to  unicellular  animals,  in  them  the 
occurrence  of  a  collosal  number  of  absolutely  new  substances  and 
structures  becomes  neosssary;  these  cannot  be  transmitted  throxjigh 
the  cells  from  which  their  development  begins  (gametes).  This  need 
for  a  collosal  new  formation  and  eomplexifioation  increases  as  we 
go  to  progressively  mors  highly  organized  animals,  reaching  a  maximum 
in  mammali  and  man  with  thair  complexly  conatruotad  brains. 

This  must  have  led  to  certain  rules  and  regulations  of  call 


evolution  depending  on  the  increase  in  the  degree  of  complexity  and 
the  structural  variety  of  multicellular  animals.  This  evolution 


Lmust  have  proceeded  along  the  line  of  formation  of  calls  which  would 
possess  a  univar sail  sad  etruetura^  and  metabolism  capable  of  loading  | 
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to  the  forwfttion  of  the  laost  ■(rarled  substances  and  stnicturee.  In  I 
other  vjorda,  the  nsore  or  loea  iimediate  precursors  of  various  sub¬ 
stances  and  structures  existing  In  the  unicellular  anlaals  must  have 
gradually  disappeared  froB  the  cellsj  the  adnlTiuta  number  of  ■genera¬ 
lised''  struetxires  and  substances,  abloh,  first  of  all,  asra  capable  of 
going  froa  cell  to  cell  during  the  course  of  their  aultiplleation  and, 
secondly,  o#  serving  as  the  basis  for  the  noet  diverse  bioeheoioal 
and  strueture-fortting  prooeeaee  leading  to  the  construetlon  of  eenplex 
crganisaa  during  the  eouree  of  developaent,  must  have  been  preserved. 

We  can  point  to  a  nuaber  of  components  of  the  Betabollsm 
and  structure  of  cells  of  aniaala  serving  for  the  forttstion  of  the 
Best  varied  structures;  for  exaaple,  the  nucleic  acid  laetabelisBi  of 
cells,  going  froa  the  thyaonuolelc  acid  of  ohroaoaoBea  to  the  ribo¬ 
nucleic  acid  of  oytoplasa,  in  ahlob  the  latter  participates  in  the 
foraation  of  various  proteins;  a  similar  route  of  traneforaation  of 
substances  occurs  in  all  cells.  Here  we  have  also  the  very  tiny 
gra«ule-llk«  Btruoturss  (aioroeowes  and  mitochondria)  which  constitute 
the  basis  of  various  synthetic  proceesec;  they  ore  apparently  capable 
of  division,  and  during  cell  division  various  proportions  of  them  are 
allotted  to  their  progeny.  Various  aorphogenetio  processes  are 
lapcsslble  without  a  certain  initial  rainiiwjB  of  structurae,  on  which 
the  subeequant,  ones  "ara  baaed."  With  a  great  aeaaure  of  probability 
it  aay  be  supposed  that  this  original  structural  ainlmua  exists  in  animal 
cells  in  a  very  generallaad  form.  Concentric  (and,  therefora,  divisible) 
structures  of  the  outer  layers  of  the  germ  cells,  composed  of  dense 
eotoplasB,  and  its  internal  fluid  laj'er  and  an  outer  thicksned  andoplasBio 
Hsabrane  probably  eonetitute  an  essential  part  of  these  original 
structures  for  the  most  varied  sets  of  worphogenesls.  These  atructuree, 
being  transformed,  participate  in  the  creation  of  the  original  forms 
of  all  the  main  cell  types  (erythrocytes,  Ij^iphoeytea,  muscle,  nerve, 
epithelial,  mesenchymal  and  pigment  cells— Holtfreter,  194^,  194?), 

It  is  very  probable  that  the  granule-like  structures  mentioned  above 
and  their  filament-like  aggregates  also  play  the  part  of  a  groundwork 
for  other  intracellular  etructuraa.  The  list  of  these  generalised 
components  undoubtedly  Is  still  incomplete,  and  their  Interrelatienshlpa 
in  the  course  of  metabolism  ara  Inadequately  elcar;  however,  on 
the  other  hand,  it  may  be  considered  that  the  majority  of  them  is 
already  known,  and,  by  gaining  an  idea  of  ta^ir  slgBlfloaMoe,  It 
becomes  easier  to  define  the  others.  Evolutionary  changes  along 
the  line  of  "general! aati on*  probably  did  not  prooacd  uniformly  for 
various  cell  components t  som#  lest  tbslr  specific  typs  of  sucoesslon 
sooner;  others,  later.  However,  this  process  had  a  ainglt  tendsney 
leading  to  a  generalization  and  coordination  of  the  various  constitu¬ 
ent  structures  of  the  cells. 


One  of  the  components  of  this  generalised  arrangement  eontlata 
of  prooeasea  of  protein  synthesis,  the  specific  expression  of  which 
is  constituted  by  the  immunologieal  reactions.  Preocasss  of  antibody 
produotlon  arc  apparently  nothing  other  than  the  foraation  of 
protein  aeleoulss,  paired  (eottpleaontary  to)  with  antigen  aoleoulos  I 
Jj)  their  configuration,  as  a  reoult  of  which  they  can  be  bound  by  — -J 
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PTouad  by  thin,  itloldag  tog«th«r  tightly  at  thalr  ■urfaois.  Tha  1 
preduotioBof  protaln*  ilth  «evplaB«ntary  oonflguratioBi  ii  appartntly 
not  llaltid  to  antibody  fonation  but  alio  play*  a  part  la  a  ahola 
torloB  of  phonoBoaa  of  protila  oynthOBli  la  eollt.  For  oxMiplo,  no  haao 
tha  fartlllaln  and  antlfartillaln  In  tha  aaa  urehln  ora  aantloaad  abora. 
In  ahleh  tha  fora«F  li  in  tha  outar  layar,  ooneantrleally  aurroxuiding 
tha  othar,  ahloh  llaa  undar  it.  Both  aubatanoai  ara  ralatad  to  eaoh 
othar,  baing  ooaplaaantary,  and  apparantly  ara  foraad  in  oenoaatloB 
with  aaeh  othar.  It  la  vary  probabla  that  a  nunbar  of  othar  phanonana 
of  protaln  foraatlon  In  ealla  proeaad  aeeordlng  to  tha  aana  prlnelpla. 

Tha  aldaapraad  natura  of  tao^layaradnaaa  of  tha  outar  layar a  of  ealla, 
baginning  alth  agg  calls,  parvlts  ua  to  assuna  that  Configurational 
eonplaaantarlty  ralatlona  nay  axlat  bataaan  than;  in  thoaa  easaa 
ahara  they  ara  atuek  togathar  it  nay  ba  auppoaad  that  this  adharanea 
is  basad  on  phanonana  siallar  to  Inaninologleal  bends.  Apparantly, 
tha  foraatlon  of  protalns  which  in  thalr  configurations  ara  eoapla- 
aantary  to  aaeh  othar  Is  ganarally  of  this  typa. 

Kowavar,  it  should  not  ba  thetigbt  that  this  Is  tha  only 
naans  of  protaln  synthesis  possible.  If  wa  assuna  that  protaln 
synthesis  occurs  In  two  phasaa«>flrst,tha  foraatlon  of  a  chanleally 
siallar  protsln  aolaeula  along  a  Una  on  which  aalno  acids  lie  against 
corresponding  aid  no  acids  of  the  protaln  aolaeula  and  eoablnatlon 
of  than  In  that  order,  and  than  tha  adoption  of  a  certain  spatial 
configuration  by  this  aolseula-^thla  latter  aolaeula  nuat  always  ba 
eonflanantary  In  Its  configuration  to  soae  other  protein  aolaeula. 
Howavar,  undoubtedly,  while  there  Is  a  grain  of  truth  In  this  Yiawpolnt 
(Pauling,  Csapball  and  Prassaan,  i9^?i  Talaud,  19^;  Haurowitz,  19^9), 

It  lias  in  tha  fact  that  tha  protsln  aolaeulas  ara  eapabla  of  assu- 
aing  a  configuration  dapandant  on  tha  conditions  under  which  thav  ara 
feruad  but  net  at  all  in  tha  Idea  that  they  must  always  ba  conplanantary 
to  aolaeulas  already  existing  at  tha  tine  of  foruatien  of  tha  new 
aolaeula.  Probably,  In  eases  of  protein  synthesis  in  calls  . 
othar  possibilities  ara  also  rasllzadt  tha  aelaoulaa  foraad  taka  on 
a  configuration  like  tha  preexisting  aelaeulas,  or,  finally,  acquire 
altogether  new  configurations  depending  on  changing  conditions  in  tha 
calls  and  reflecting  these  changes. 

Tha  foraatlon  of  protalns  similar  to  those  preceding  than 
must,  of  necessity,  occur  In  tha  phanonana  of  growth  and  multiplication 
of  calls,  whan  an  Increase  occurs  In  tha  nxiabar  of  aelaeulas  of 
certain  types.  Tharafers,  attempts  to  ganaralize  tha  concept  of 
protein  synthesis  of  the  "Immune*  typa,  that  Is,  of  tha  paired  protaln 
foraatlon  tyM,  to  include  any  eases  of  protein  synthesis  In  calls 
(Tylar,  19^7)  should  ba  considered  an  unlikely  generalization  of  a 
specific  variant  to  Include  all  possible  eases.  Tha  Idea  of  tha 
foraatlon  of  only  eoaplaaantary  configurations,  which  follows  from  tha 
antibody  production  theory  of  Haurewlts  and  Pauling,  raqxtLras  for 
antibody  synthesis  that  antigens  ba  prasarvad  and  multiplied  In  tha 
organism  from  which  antibodies  would  continue  to  ba  "printed"}  It 
.  la  an  adalsslbla  but  not  tha  only  possible  means  of  thalr  formation. 

I  It  may  ba  supposed  that  protein  synthesis  can  have  different  types  ofj 
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r»krw)ixae9  detarolmitloD  depending  on  eonditione  *«  yet  unknona  in  the  I 

*  oelle.  la  the  erent  of  fometion  of  pel  red  proteini,  which  taken  place 
in  antibody  foraatloRy  the  poaelbility  in  not  rtiled  out  that  proteina 
of  ealiular  origin  which  bare  acquired  a  configuration  cenplaMentary 
to  or  like  antigena  continue  to  be  preeer'red  and  multiply  along  with 
then  in  the  cella  theaaelvea.  Antibodiea  would  them  be,  reapectlTely, 
the  BRiltiplioation  product  of  aoleoulea  with  ooaplaaentary  configuration a 
or  the  reault  of  the  action  of  aoleoulea  with  an  antigen*like  configu¬ 
ration  on  the  aynthcaia  of  noleculaa  with  a  coapleaantary  oonf iguration . 

Finally,  we  ahould  not  overlook  a  third  poaelbility— the 
foraation  of  protein  oonflgurationa  in  aocordance  with  changing  cell 
conditiona.  Such  an  Inatanoe  ia  probably  realized  in  the  neurone 
and  aervea  aa  one  of  the  baaea  of  aenory  and  aental  aotivity)  here 
the  protein  oonfiguratlon  probably  dependa  on  the  eouraea  of  the  nerve 
iapuleea  and  eervea  aa  a  kind  of  record  of  their  changing  oourae, 
which  ie  put  together  to  sake  a  definite  pioture.  The  adaptation 
to  aueb  a  determination  of  protein  configuration  during  the  oourae  of 
their  production  apparently  ia  atill  another  variant  of  ehange  in  the 
cell  (trueture,  in  contract  to  tboae  which  lead  to  the  formation 
of  paired  and  like  proteina.  Therefore,  the  moet  varied  aapeota 
of  cell  phenomena  ara  oloaely  oonneoted  with  one  another t  the  rulec 
and  regulatione  of  protein  eynthesea  in  the  cell,  of  cell  differenti¬ 
ation,  antibody  formation  and  nerva  activity.  Theme  aepecta  have 
evolved  together,  and  thoae  ohangea  in  the  cepaclty  of  producing  . 
the  moet  varied  protein  etructuree  which  lead  to  an  Increase  in 
the  power  of  nervous  activity  alao  lead  to  an  avolutienary  increaaa 
In  the  ability  to  react  with  antibody  formation  to  the  moat  varied 
proteina  in  the  developing  iaoBune  ayateme  of  the  higher  vertebratea. 

Theae  tranaformationa  apply,  certainly,  not  only  to  proteina  but 
alao  totbe  entire  cell  etruoture,  the  various  componente  of  which 
evolve  together,  interralatedly,  and  in  conjunction  with  the  evo¬ 
lution  of the  Interrelatlonehlpa  of  the  parta  of  tha  organiama 
themaalvea  created  by  theae  cella.  However,  aueh  phenomena  are 
latent  in  the  majority  of  cello,  except  perhapa  the  earliect  atagaa 
of  embryordc  davelopment.  In  the  majority  of  ealla  the  differen¬ 
tiating  outer  layere  cenneot  metabolic  proeeeaea  ooeurring  on 
the  level  of  the  more  complex  and  high  molecular-weight  aubatancea, 
much  aa  proteina,  within  the  oelle.  Theae  oharaetariatlee  of 
metaboUem  are  related  to  the  appearanee  of  blood  aa  a  common  aourea 
of  nutrition  of  the  varioua  cella,  both  hiatorically  and  onto- 
genatioally.  Blood  goea  to  all  tha  oalla  of  multieellular  anlmala 
aa  a  carefully  adapted  and  generalized  aource  of  nutrition  from 
which  they  can  directly  bvdld  aubetencee  neoeaaary  for  their 
maintenanee  and  growth.  Tha  apllttlng  of  food  into  the  almpleat 
oomponents  in  the  digeative  tract  ia  inseparable  connected  with  the 
formation  of  blood  aa  a  ganaralisad  aouroa  of  nutrition  of  varioualy 
diffarantiatad  eallat  it  aarvaa  aa  tha  firat  atap  in  tha  tranaformationa 
of  aubetaneaa  wbieh  eonvart  tham'into  tha  ganaralisad  form  in  which 
tbay  axltt  in  tha  blood. 

f  In  thia  preeoaa  of  aaolmllation  of  tho  original  food  aubatancija 


I  to  the  substances  of  various  parts  of  the  body,  various  stages  of  this! 
process  probably  do  not  ooeur  simultaneously  or  equally.  First  of  all 
(speaking  about  protein  metabolism  only),  even  in  the  blood  certain 
amino  acid  Interrelationships  are  established,  thereby  the  set  of 
them  needed  for  nutrition  of  the  animal  by  means  of  feeding  is  differen¬ 
tiated  from  the  set  needed  for  malntalrfng  the  lif«  of  the  tissue  cells 
and  vihloh  circulates  in  the  blood  (^lecher,  19^7).  This  change  undt  ^btedly 
represents  the  first  step  on  the  way  to  formation  of  special  proteins 
characteristic  of  the  tissues  of  the  given  animal.  However,  a  number 
of  proteina  are  included  in  the  blood  which  also  serve  as  nutrient 
«  components  for  tissue  cells.  The  treehanism  of  their  assimilation  is 

not  yet  entirely  clear,  '’ut  it  is  evident  that  these  proteins  can  be 
assiailatad  by  the  cells  without  preliminary  splitting  into  amino 
acids  (Kaplanskiy,  19^?).  Blood  proteins  are  produced  by  cells  of  the  . 
hemopoietic  system,  and  as  early  as  when  they  come  out  into  the  blood 
they  possess  specific  individual  characteristics.  Not  all  the 
elements  in  the  formation  of  proteins  from  amino  acids  are  included  in 
the  bodies  of  animals,  in  their  tissue  cells.  Part  of  the  proteine 
is  created  before  this  in  specially  differentiated  cells  and  reaches 
the  other  body  cells  in  the  form  of  proteins  (globulins,  albursins, 
fibrinogen,  and  others)  included  in  the  combination  of  blood  nutrient 
substances  as  an  essential  component;  as  might  be  supposed,  the  assimi¬ 
lation  of  the  various  proteins  must  proceed  unequally,  depending  on  the 
need  for  correlation  between  the  specific  characteristics  of  these 
proteins  and  the  tissue  cells. 

Therefore,  if  the  considerations  presented  are  correct,  the 
wain  mass  of  phenomena  of  protein  synthesis  and  their  specific  form, 
the  formation  of  comp leraont ary  proteina  (reactions  of  the  immune  type), 
is  hidden  within  the  cells  and  is  not  demonstrable  outside  them. 

However,  they  exist  in  all  the  cells  of  the  blood  sources  (of  its 
proteins  and  its  cells):  in  the  liver,  spleen,  bone  marrow  and 
other  bemopoletlc  organs  which  form  the  protein  substances  of  the 
blood,  Inciudlng  the  antibodlee.  specifically  which  cells  within  the 
limits  of  this  group  of  organs  are  capable  of  producing  antibodies 
if  not  yet  entirely  clear.  It  has  been  shown  for  the  spleen  that 
within  its  lindts  the  main  source  of  antibodies  Is  constituted  by 
'  the  immature  plasma  cells;  with  injection  of  antigene  a  mass  transfor¬ 

mation  of  reticular  into  plasma  cells  occurs  in  the  spleen,  and 
specifically  in  the  course  of  this  transformation  the  cells  produce 
-  antibodies  (Fagraeus,  19^Q)*  Apparently,  various  types  of  calls,  such 

as  plasma  calls,  macrophages  and  lymphocytes,  Kupffer  cells  of  the 
liver  and  others  are  Immunol ogleally  active  (with  different  degrees 
of  activity).  It  is  significant  that  cells  capable  of  producing 
antibodies  possess  the  power  of  absorption  and  aoo;s»ulation  of  various 
protein  particles  and  are  distinguished  by  the  arrangement  of  their 
outer  layers.  Particles  are  continuously  separating  from  their 
surfaces  which  are  included  in  the  blood  in  the  form  of  its  proteins 
(Sabin,  19359);  by  this  means,  apparently,  the  antibodies  are  formed 
I (apparently,  this  process  of  separation  of  the  aurfaes  portions  of  the  1 
LfiJlls  can  oeeur  by  several  dlfferenjb  routes  in  different  cell  form8)«_J 
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I  The  sane  cells  in  the  foci  of  heaopoiosie  eertre  us  the  coamon  I 

soutce  of  origin  of  autlbodiee  and  the  eanderlng  defensive  cells  of 
the  blood  (phagocytes).  Because  of  this,  the  functions  of  defense 
against  foreign  proteins  which  have  entered  the  blood  are  conferred  on 
both  antibodies  and  phagocytes,  giving  rise,  respectively,  to  hiaaoral  ‘ 
and  cellular  iomunity  (.'^il’ber,  19^*5).  'Vhereas  the  other  cell  types 
of  animals  with  an  "enclosed"  metabolism  cannot  react  to  external 
protein  groups,  these  cells  for  their  entire  lives  maintain  the  power 
to  include  in  their  metabolic  apparatus  the  traces  of  effects  of 
protein  substances  from  without,  which  in  evolution  is  connected  with 
their  defense  function.  The  basis  of  these  defense  functions  is  nothing 
which  arisetide  novo  with  them  but  rather  is  the  transformation  of  the 
phenomena  of  synthesis  of  proteins  whioh  play  a  much  greater  general 
part  in  the  lives  of  the  cells. 

2,  The  Ontogenesis  of  Incompatibility  Phenomena  and  their  Relation  to 

the  Taxonomic  Positions  of  Animals 


If  the  general  considerations  presented  above  are  correct,  it 
must  be  expected  that  the  defensive  nature  of  the  Immunol ogioal  reactions 
to  foreign  protein  substances  is  not  originally  present  in  the  cells. 

In  embryogenesls,  on  the  basis  of  protein  syntheses  of  the  same  types 
as  immune  reactions,  a  number  of  protein  structures  arises  which  then 
remain  permanently  in  the  organism  and  are  characteristic  of  it  through¬ 
out  its  life.  The  universality  of  ionune  reactions  shows  that  they 
are  of  the  nature  of  a  general  reaction  to  proteins,  of  the  sane  type 
as  the  synthesis  of  proteins  with  complementary  configurations.  From 
these  facta  it  follows  that  they  initially  cannot  be  of  a  defensive 
character  with  respect  to  protein  substances;  therefore,  it  is  more 
probable  to  suppose  that  this  defense  character  of  the  reaction  to 
foreign  proteins  must  have  arisen,  like  the  ether  properties  of 
organisms,  during  their  development,  as  an  adaptive  modification 
of  the  phenomena  of  protein  synthesis.  It  might  be  expected  that 
the  appearance  of  the  defensive  immune  reactions  would  be  associated 
with  those  stages  of  development  at  which  this  form  of  defensive 
adaptation  becomes  necessary  as  an  addition  to  or  replacement  of 
the  then  existing  defensive  facilities  of  the  developing  animals. 

The  facta  are  in  agreement  with  these  oonsidaratlons.  At 


the  same  time,  they  show  the  relationship  between  the  build-up  of 
defensive  immune  reactions  to  foreign  cells  and  the  increase  in  complexity 
and  variety  of  the  structures  of  the  organisms  and  the  degree  of 
differences  between  them.  This  is  expressed  in  three  lines  of 
phenomena.  First  of  all,  in  the  fact  that  during  the  course  of  the 
individual  development  of  organisms  the  incompatibility  phenomena  appear 
at  a  certain  stage  and  then  are  Increased;  secondly,  in  the  fast  that 
such  reactions  are  the  mors  pronounced  the  more  highly  organized  the 
animals  are;  and,  thirdly,  in  the  fact  that  their  intensity  depends 
in  a  certain  way  on  the  degree  of  kinship  between  individuals  or 


I  tisstass  which  are  growing  together.  In  evaluating  the  results  of  . 
LjVeperlments,  however,  a  number  of ^faets  should  be  kept  in  mind. 


*  •<nMwM4 

First  of  allj  th«  fact  that  the  phenomena  of  necrosis  of  transplants  j 
In  exparlmente  maj'  depend  cn  interruption  of  nutrition,  respiration, 
and  excretion  of  the  transplantable  tissue  or  organ  as  the  result  of 
interruption  of  the  blood  supply,  ubich  can  lead  to  partial  or 
complete  necrosis  (Lapohlnskly,  19^0,  19^1).  This  fact  shoiild  alaaya 
be  giren  consideration  in  evaluating  experiments}  it  markedly  diatln- 
ipaishes  transplants  at  the  early  embryonic  stages,  before  the  circulation 
begins,  from  transplants  at  the  later  stages;  and  transplants  of 
embryonic  and  larval  tisauea  of  the  later  stages  are  less  sensitive 
to  interruption  of  the  blood  supply  than  the  tissues  of  adult  animals, 
\ihich  are  highly  sensitive  to  it.  Secondly,  the  fact  should  be  taken 
into  consideration  that  t^ie  vary  phenomena  of  incompatibility  are 
heterogeneous  in  their  nature;  other  phenomena  besides  immune  (and 
phagocytic)  phenomena  participate  in  them,  and  the  role  of  the 
various  phenomena  changes  as  ue  go  from  ono  group  of  animals  to  the 
next. 


Within  limits  of  the  vertebrates,  investigations  xhioh  have  been 
made  give  us  the  following  picture.  In  Urodela  the  incompatibility 
phenomena  are  the  weakest  and  usually  are  practically  unnotloeable. 

An  infinite  number  of  transplantations  between  different  individuals, 
species  and  genera  at  the  embryonic  stages  shows  that  the  transplanted 
cells  in  the  majority  of  oases  are  preserved  for  an  indefinitely 
long  time,  going  through  metamorphosis.  Thus,  the  pigment  cells  of 
species  of  Amblystoma  transplanted  to  tritons  regularly  change  the 
embryo,  larva  or  adult  triton  to  the  color  of  the  donor,  which  is 
persistent  (Twitty  and  Bodenstein,  1959).  The  eyes,  heert,  extremi¬ 
ties,  auditory  vesicles,  skin  and  ocher  organs  and  tissues  of  unrelated 
species  "take*  without  any  signs  of  degeneration  (Harrison,  19>5); 
the  anlage  of  the  entire  entoderm,  replaced  in  one  species  of  triton 
by  the  entoderm  of  another,  is  preserved  and  functions  in  the  adult 
animals  (Mangold,  19^9).  Ho  less  successful  are  the  transplantations 
at  later  larval  stages,  when  the  vascular  system  is  developed  and 
the  animals  feed  actively,  which  is  seen  clearly  from  the  numerous 
experiments  of  transplantation  of  eyes  in  Hrodellarvae.  In  adult 
triton  after  such  eye  transplantations  a  degeneration  of  the  retina 
and  lens  occurs,  but  this  does  not  signify  signs  of  incompatibility 
but  rather  is  the  result  of  am  interruption  of  nutrition.  Such 
eyes,  when  transplanted  from  individual  to  individual  after  a  seven-day 
period  of  preservation  in  the  cold  or  between  different  speeles,  newly 
regenerate  the  retina  and  lens,  and  after  restoration  of  ths  asrvs 
oennectlon  with  the  brain  they  see  well  (Stone  and  laur,  19^0;  Stone, 
19^)  and  are  not  subject  to  absorption  phenomena.  The  ability  to 
"take*  without  signs  of  incompatibility  distinguishes  Urodda  among  the 
other  vertebrates  just  as  oharacterlstically  as  their  great  power  of 
regeneration.  However,  despite  the  fact  that  in  a  number  of 
experiments  the  embryos  made  up  of  halves  belonging  to  different 
species  of  Urodela  sxirvived  well  without  signs  of  dsgsnsration,  like 
parabionts  of  different  species  (embryos  which  are  groiSm  together 
In  toto  ),  in  sons  ooabinations  othsr  pioturss  havs  bssn  ebssrvsd.  . 

>s  sarly  as  at  ths  sarly  stagss  ths  snbryes  bsgan  to  shew  signs  ef  | 
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j  nvflrotis  (o*  par«lyal«)  of  the  tiaaueo  of  on*  of  tha  apaciaa*  DatallaJ 
*  atudiao  (Tnitiy,  1957i  Humpbray  and  Burns,  1939>  Roth,  19^9)  bara  shown 
that  bars  various  signs  of  diraot  Intoxloation  of  tha  tissuas  of  ona 
spaoias  by  tha  tissuas  of  tha  othar  ooour,  fraqusntly  avan  at  tha  aarly 
stagas  but  in  sons  easas  latar  also.  Suoh  an  intoxioating  affaot, 
dapanding  on  its  strangth,  nay  ba  axartad  by  ooaparativaly  snail  trans¬ 
plants  also)  sonatinas,  only  the  intaot  anbryo  can  intoxioata  the  trans¬ 
plant  but  not  vice  varaa,  and  tha  transplant  in  tha  ravarsa  oonbination 
is  in  tbasa  easas  eapabla  of  surviving  with  intarspaeias  grafting. 

8uob  intexieations  are  tha  ravarsa  of  innuna  phanonana— the  aninal 
organisn  does  not  block  tha  injurious  substanoas  but  rathar  is  killed 
by  than,  which  nay  ba  connaotad  with  tha  fact  that  tha  iununa  raaotiona 
in  thasa  forms  are  axprassad  vary  waakly;  thase  phenonena  raprasant 
another  aspect  of  tha  high  degree  of  fusibility  of  those  species  of 
tlrodela  vdidiii-dbitot exart  an  intoxioating  affect  on  ona  another.  A 
distinotiva  feature  of  tha  phenonena  of  such  intoxication  is  the  faot 
that  tissue  daganaration  occurs  by  naans  of  histolysis  (dissolution 
of  tissues)  rather  then  by  naans  of  phagocytosis,  as  in  tha  typical  defense 
phenonena.  Tha  possibility  of  such  toxic  phanonena  (intoxications) 
should  always  ba  kept  in  mind  in  evaluating  the  results  at  transplantations 
in  order  not  to  confuse  then  with  death  of  the  transplants  fron  dafansa 
reactions  and  in  order  not  to  befog  tha  pictures  of  changes  in  tha 
dafansiva  naasuras  of  organ! sns  fron  one  group  of  vertebrates  to  tha 
next. 


Tha  picture  changes  even  whan  wa  go  to  the  Anura.  At  tha 
early  stagas  they  possess  just  as  great  compatibility  as  tha  Urodela 
(with  the  axeaption  of  tha  phenonena  of  direct  intoxication,  which  are 
aneountarad  in  a  number  of  conblnations,  particularly  with  the  action 
of  toad  tissuas  on  the  tissues  of  other  nenbers  of  tha  Anura).  Special 
studies  nada  on  this  problan  show  that  the  eyes  (investigated  in  tha 
greatest  detail),  transplanted  in  enbryos  and  early  tadpoles  fron 
one  species  of  frog  to  another,  live  in  tha  new  site  only  a  linitad 
time.  At  tha  late  tadpole  stages  with  the  growing  lags,  signs  of 
naorosis  of  tha  calls  and  infiltration  of  tha  eyas  with  leucocytes 
begin,  regardless  of  tha  stage  of  tha  transplant,  but  in  various 
aninals  these  phanonena  do  not  ooour  sinultanaoualy)  in  soma,  they 
unfold  avan  after  natanorphosis  is  oomplate.  First  tha  retinal  cells 
are  involved)  those  of  the  iris  are  affected  last.  The  same  pictures 
are  observed  in  Intraspaeias  (homoplastic)  grafts,  but  they  ooour 
more  slowly,  and  tha  majority  go  throu|^  metamorphosis  with  normal 
ayes)  in  the  case  of  transplantations  within  tha  limits  of  the 
progeny  of  tha  sans  olutah,,naaresio  of  aye  tissues  was  lass  than 
in  the  case  of  transplants  batwaan  unrelated  animals  (Schwind,  1937), 
Schwind's  attempts  to  make  tha  eyas  of  different  species  similar 
by  means  of  growing  embryos  of  different  spaoias  together  (parabiosis) 
and  subsequent  transplantation  of  tha  ayes  from  ona  of  tha  mambars  of 
the  pair  to  tsdpolas  of  another  spaoias  did  not  lead  to  any  results— 
thasa  ayes  behaved  just  as.  in  simple  intarspaeias  (heteroplastic) 

I  transplantations.  . 

i  Tkansplantation  of  different  tadpole  tissues  within  limits  efi 
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th«  sama  apaoias  and  bataaan  diffarani  apaolas  lad  to  tha  aaiaa  raault,  ] 
but  It  la  vary  aignifloant  that  daath  of  tha  diffarant  tiaauaa  did 
not  oootff  alffiultanaoualy.  A  niuBbar  of  othar  atudlaa  on  tranaplantationa 
in  anurana  alao  ahou  diffarant  tinaa  of  daath  of  tha  rarloua  Haauaa* 
Mharaby  aoua  can  liva  for  a  long  tima  in  intarapaoiaa  tranaplantation, 
aueh  aa  tha  haarta  of  adult  froga,  uhloh  function  12*16  nontha 
(Sinitayn*  19^)»  It  ia  poaaibla  approxitsataly  to  aatabliah  tha  ordar 
of  daathof  tha  tiaauaa t  brain  oalla>  aya  calla  >  aplthaliua  of  tha 
labyrinth  >  apidarnda>  pignant  calla  7  heart  >  cornaa  >  cartllaga. 

Tha  tsain  pariod  of  daganaration  in  tha  caaa  of  intarapaoiaa  tranaplan* 
tationa  ia  bafora  and  during  aataaorphoaia;  in  intraapaciaa  tranaplan- 
tationa  it  ocoura  after  natamorphoaia  and  inioh  nora  alouly. 

Tha  laat  group  of  axpariaianta  on  tha  Anura  ia  that  of  tranaplan* 
tationa  of  tha  aabryonlc  anlagan  to  adult  froga  and  tadpolaa.  Oatlaf 
(19?7>  19^0),  baaad  on  idaaa  of  tha  graatar  poaaibllity  of  adaptation 
of  anbryonio  tiaauaa  to  an  adult  organian,  tranaplantad  tadpole  linb 
buda  aubcutanaoualy  to  adult  Beabinana  and  brought  about  tha  formation  of 
normal  amall  axtranitiaa  in  than*  nhich  aara  praaarvad  up  to  two  yaara. 
However,  once  again  varioua  anlagan  in  auoh  oparationa  are  praaarvad 
unequally:  tranaplantationa  of  parta  of  tha  gaatmla  to  tadpolaa  ahowad 
that  tha  majority  of  tha  atrtioturaa  formed  aftarwarda  underwent  dogana* 
rativa  ohangaa*  Thia  indicate  that  although  tha  ambryonie  tiaauaa 
are  batter  acaaptad  than  tha  tiaauaa  of  tha  later  atagaa  it  ia  not 
bacauaa  incompatibility  phenomena  fail  to  develop  with  raapaet  to  thamt 
thoaa  tiaauaa  and  organs  which  aurviva  batter  in  tranaplantationa 
between  tadpolaa  aurviva  batter  alao  in  tranaplantationa  from  ambryoa 
to  adulta  and  in  all  othar  caaaa.  "AaeimHation”  of  tha  tiaauaa  of 
two  Individuala  to  ovarcoma  their  Inoompatiblllty  (including  Immuna 
and  phagocytic  phanomana)  cannot  be  acoonpliahad  by  auch  a  aimpla 
method}  it  raquiraa  a  more  profound  knowledge  of  tha  nature  and  develop* 
mant  of  incompatibility  phenomena. 

Humor oua  tranaplantationa  made  recently  between  ambryoa  of 
the  Anura  and  IQrodala  with  tha  aim  of  atiidying  tiaaua  aurvival  give  ua 
a  piettnra  aitdlar  to  tha  raault  of  intarapaciaa  tranaplantationa  in 
anuran  ambryoa.  If  wa  oonaidar  the  phenomena  of  direct  intoxication, 
it  tuma  out  that  tha  tiaauaa  praaarvad  from  thaaa  affaeta  daganarata 
in  tha  name  order  and  with  only  alight  time  diffaranoaa  compared 
with  tha  combinationa  between  anurana,  chiefly  alao  during  the  pariod 
of  matamorphoaia  (Saldn  and  Harria,  19^9}  Roth,  19^9)* 

Data  already  praaantad  on  tha  amphibia  permit  ua  to  draw  ama 
baalc  ooncluaiena  which  have  bean  confirmed  for  othar  claaaaa  of 
vartabrataa  alao.  Incompatibility  raactlona  are  inhomoganaoua  ia 
natural  they  include  primarily  tha  dafanaiva  immune  and  phagocytic 
raactlona,  cloaaly  aaaoolatad  with  one  another,  but  can  alao  be 
baaad  on  toxic  propartiaa  of  tha  tiaauaa  of  one  apaciaaftr  another. 

In  amphibiana  tha  latter  ia  a  not  infrequent  phenomenon  and  ia  not 
directly  related  to  tha  diatanoa  of  tha  apaclaa  from  one  another 1  aa 
haa  bean  mentioned,  thaaa  phanomana  of  tiaaua  nacroaia  are  baaad 


on  phanomana  oppoaita 
.a£  dafanaa  maohaniaaa. 


to  thoaa  in  oaaaa  of  daath  from  tha  oparation  | 


Ib  kceordmnoe  with  tb«  original  oonaldaratlons,  th*  defenaa  { 
iaachaniaai  which  laad  to  inoompatibHity  ariaa  dxxriDg  tha  eouraa  of 
davalopmant.  Appaaranea  of  than  ia  aaaoeiatad  with  a  eartain  ataga 
of  davalopnant  and  to  diffarant  dagraaa  ooineidaa  with  tha  nata- 
norphoaia  of  Anura,  but  tha  ataga  at  which  thay  appear  hara  is  not 
80  distinctly  axpraaaad;  for  a  long  pariod  of  tina  a  bxtlld-up  of  than 
occurs.  Tha  dafanaa  nachaniana  dlffar  in  thair  dagraas  of  axpraasien 
in  diffarant  Amphibia.  In  tha  oaaa  of  transplantations  batween  Urodala 
thay  ara  not  nanifeatad,  for  practical  purpoaas.  In  tha  Anxjra  they  ara 
axpraaaad  but  waakly  within  tha  limits  of  tha  same  spaoias,  but  here 
there  are  fiuftber  diffaranoaa  between  tha  mambera  of  the  same  clutch 
and  unrelated  individuals.  Intarspaoias  transplantations  lead  to 
distinct  incompatibility  phanoaana,  but  thereby  no  great  differanea  is 
seen  between  species  of  the  same  genua  or  distant,  genera.  The  moat 
marked  bvdld-up  of  tha  incompatibility  phenomena  odours  in  going 
from  Ictraapaciae  to  interapecias  diffaranoaa. 

Tha  rata  of  naeroais  as  tha  result  of  tha  incompatibility 
reaction  is  vary  different  for  diffarant  tisstias,  which  can  lead 
to  apparent  contradictions  between  tha  data  of  different  studies  In 
which  different  tissues  ara  used.  Tha  brain,  ayes,  and  labyrinth 
survive  most  poorly.  Thereby,  within  tha  limits  of  eyas  dlffarencas 
are  also  clearly  outlined  between  the  various  cell  forms:  most 
sensitive  is  the  retinaj  the  iris  is  preserved  longer,  as  is  also 
tha  sclera.'  These  differences  show  that  first  tha  most  complexly 
diffarantiatad  calls,  possessing  a  well-developad  blood  supply  and 
more  active  motabolisa  (Konikova,  19^8),  are  destroyed  first.  The 
fact  that  the  transplants  with  inhibitsd  growth  survive  longer  than 
those  growing  at  a  normal  rata  as  wall  as  tha  fact  that  tha  oeeurranea 
of  tha  iacomp^ibility  pbanomeha  depends  on  the  age  of  both  host  and 
dowr— ‘tff^^ansplantations  to  older  hosts  these  phenomena  occur  after 
a  certain  time,  'when  the  transplanted  tissues  reach  an  adequate  degree 
of  differentiation— are  in  agreement  with  this. 

Birds.  In  these  warm-blooded  animals  with  active  mataboliam 
and  a  high  degree  of  structural  complexity  tha  ineompatibillty  phsnomenai 
ara  vary  similar  to  tha  phenomena  which  ara  most  important  in  practice 
and  which  have  bean  bast  studied  in  mammals.  Transplants  of  skin 
in  adul’t  chicksna  (Kbzelka,  193?)  ara  wall  accepted  only  in  eaaas  of 
transplantations  from  the  same  individual  (autotransplantations).  In 
other  grafts  tha  transplants  remain  from  two  to  12  weeks,  depending, 
on  the  degree  of  similarity  between  recipient  and  donor.  With  tha 
development  of  tha  technique  of  ambrycnio  transplantation  it  was 
extended  to  transplantation  of  anlagan  (of  extremities,  ayes,  sources 
of  ehromatophoras )  in  the  eggs  of  tha  birds.  Tha  wings  and  lags, 
transplanted  in  tha  form  of  biids  from  ducks,  quails,  partridges  or 
guinea  bans  to  ohioksns,  develop  wall}  but  on  tha  10-14th  day  after 
hatching  incompatibility  phenomena  of  different  dagraea  of  axprasslon 
occur  (falling  out  of  faathers,  araas  of  naorosii,  stoppage  of  blood 
flow),  which  terminate  in  death  of  tha  axtrendtias.  Ibaraby,  the 
IncMpatlbility  phenomena  occur  no  seonar  to  the  duck  axtremitiaa  thani 
to  othor,  closer  species.  In  tho  case  of  Intraspaciss  traBaolaBtatiemI 
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j  In  oMckers  tha  stais  chonowena  occur  but  auoh  latar,  after  two-flva  I' 
aontiB  {E«.atlick,  19^1).  Transplanted  bud  anlagon  from  9«24-day  ‘ 

duck  otsbryea  to  freably  batched  chicks  do  not  grov  oora  than  eight 
days,  aftor  >»bioh  they  are  rapidly  deatrcyedj  this  is  close  to  the  tia© 
of  death  cf  transplanted  extremltlea.  At  the  same  time,  in  numerous 
exiieriaents  on  traneplantatio:;)S  of  various  tlsoueo  of  the  sane  and  ether 
apeaies.  Including  mamBal*  up  to  man,  to  the  chorioallantois  (Studitsldy, 
19:>7)^  th^iy  live  without  signs  of  degeneration,  but  these  transplants 
are  limittid  in  their  activity  to  the  embryonic  life  of  the  recipient. 

The  neural  crest  of  the  mouse,  transplanted  to  a  chick  embryo,  eurvlvea 
well,  producing  pigment  calls,  and  hair  in  epidermal  ar«a8}*it  dies 
approximately  a  weak  after  the  host  hatches  (Rawls#,  \9^7),  In  contrast 
to  all  those  tissua%  the  melancphcres  of  one  breed  of  chicken. are 
preserved  for  a  long  tine  in  the  cutaneous  area  of  another  breed,  coloring 
the  feethora  cf  subsequent  generations  (Kawles,  19Af3). 

Tnerefore,  in  birds  the  ease  rules  and  regulations  are  domon- 
strated  ati  in  amphibians  but  in  a  more  distirjet  forms  1)  heterogeneous 
incompatibility  of  different  tiaeuea;  2)  the  occurrenoa  of  incompati" 
billty  phenomena  at  a  certain  stage  of  development  (a  certain  time  after 
hatching);:  3)  increase  of  incompatibility  phenomena  within  the  species, 
with  9imi3,arlty  between  the  defense  reactions  to  tissues  of  other 
species,  both  nearer  and  more  distantly  rsiatod. 

Mammals  are  of  the  greatest  importance  for  the  problem  being 
analyzed,  because,  based  on  them  alone,  the  question  of  utiXiaation 
of  ths  conolusiona  obtained  in  medicine  can  be  put.  Specifically  here, 
at  the  same  time,  it  is  possible  to  bridge  the  gap  to  immunological 
data  and  regard  the  incompatibility  phoriomena  in  oloee  connection  with 


the  nattore  of  the  phenomena  participating  in  tbem.  VJithout  going 
into  a  detailed  discussion  of  the  problem,  we  should  like  to  note  only 
that  modern  human  surgery  does  not  use  homoplastic  grafts,  with  the 
exception  of  cornea  and  cartilage,  for  the  purpose  of  obtaining  regular 
an!  permanent  acceptance  of  a  transplant.  Transplantation  of  the 
tissues  of  other  individuals  (usually  cadavers)  is  used  for  the 
crst.tion  of  teaporery  transplants,  which  serve  as  the  substrate  for 
replacement  by  the  host  tissues;  with  this  aim  in  view,  frequently 
killed  tissues  are  used.  Ataong  tran#plantations,,of  this  kind  blood 
transfusions  may  be  mentioned.  ''?hen  it  is  necessary  to  obtain  a 
penuenent  transplant  tissues  of  the  same  person  are  used.  Thereby, 
usaally  these  transplantations  are  made  wlthoxit  interruption  of  the 
blood  supply,  because  it  might  eauae  the  death  of  the  transplant; 
however,  direct  skin  grafts  taken  from  the  same  person  are  also 
successful  ^for  example,  Lapchln sidy, , 19^8),  so  that  enee  again 
the  relationship  should  be  enphasiaed  between  the  development  of  tuob 
dirnet  transplantations  and  imprevemant  of  oporstive  technique;  cnee 
«gal,r.  the  need  for  a  distinct  aocountlng  of  its  slgnlflcaiioe  for  the 
eva3,uation  of  the  role  of  Incompatibility  phenomena  proper  should  be 
emphasized. 

Mumeroue  experiments  of  transplantations  in  mammals  basically 
appear  to  confirm  this  idea.  Only  transplants  from  the  stae  animal 
or  from  one  member  of  on  inbred  line  to  another  "take*  well  (jTeailovJ 
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j  1Q40;  Loeb,  1945).  Acoessory  hearts,  transplanted  In  different  n 
mamnals,  live  and  function  about  a  week  (Sinitsyn,  194S).  Skin 
transplants,  which  jrrow  well  at  first,  then  undergo  degeneration 
and  die,  being  replaced  by  sldn  of  the  recipient,  whereby  the  speed 
of  death  Is  proportional  to  the  size  of  the  transplant  (Medawar,  19^5) 
The  death  of  various  tissues  in  the  case  of  transplantations  in  maicBal 
occurs  at  different  rates. 

Incoapatibility  phenonona  develop  also  in  the  event  the 
transplantations  were  perforEod  without  interruption  of  the  blood 
supply.  Shipachev  (19^5),  using  the  itethod  of  temporary  parabiosis, 
transplanted  toes  tc  the  hand  and  fingers  from  hand  to  hand  in  people. 
The  same  results  were  obtained  in  three  pairs  of  parabionts.  The 
initial  "take”  was  good.  Fifty  days  after  the  operation  the  first 
third  of  the  flap  acnaoctlng  the  digit  to  the  donor  was  out  off;  after 
52  days,  the  second  third,  and  after  55  days,  the  last  third.  When 
the  first  two  third  were  cut  no  perceptible  changes  occurred  in  the 
transplanted  digit,  even  though  the  main  nutrient  blood  vessel  had 
been  cut  off.  'batting  ths  last  third  of  the  flap  led  to  death 
of  the  digit  and  complete  separation  of  it  after  12  days. 

Thera  are  a  number  of  data,  however,  which  speak  for  the 
opposite  possibilities.  Schwind  (l95fi)  and  Lapchinskiy  (19^0,  T94l ), 
using  the  same  method  of  temporary  parabiosis,  were  able  to  "transfer" 
legs  from  one  young  rat  to  another,  after  which  these  lags  survived 
on  the  new  host  for  a  long  time,  up  to  18  months.  There  have  been 
suecessf^al  eases  in  transplantations  of  ovaries  in  rabbits  (Krymskaya 
and  Lepyrin,  19*9).  In  these  experiments  6\  percent  of  the  rabbits 
operated  on  subsequently  bora  young.  In  white  rats  the  ovaries 
survived  and  functioned  more  then  three  months  without  signs  of 
degeneration  (Karris  and  Ealdn,  1949).  Thereby,  it  waa  made  clear 
that  if  the  transplanted  ovaries  are  put  under  functional  stress 
(in  the  event  of  removal  of  the  host's  own  ovaries),  they  survive 
almost  as  well  as  autotransplants  and  resist  the  destructive  actions 
of  the  host  much  bettor  than  ovaries  which  are  not  put  under  such 
stress.  Finally,  probably  the  survival  of  thyroid  glands  occurred 
in  some  transplantations  in  peiople  (Bogoras,  19-^S)  and  once  again, 
in  such  cases,  when  the  transplants  were  put  under  functional  stress 
because  of  underdevelopment  of  the  recipient's  own  glands. 

Of  the  g'reatest  importance  in  surgical  practice  are  the 
noteworthy  studies  of  V.  ?.  Filatov  on  corneal  transplantations  in 
man  (1945)*  The  success  of  these  operations  does  not  imply  the 
inevitable  preservation  of  the  transplanted  corneas  however.  The 
possibility  cannot  be  considered  completely  ruled  out  that  after 
grafting  pieces  of  cadaver  corneas  in  a  number  of  eases  a  gradual 
replacement  of  them  ocei^rs  with  the  host's  residual  cornea.  The 
fact  that  "takes"  of  corneas  and  sometimes  even  preservation  of 
transparency  were  obtained  in  those  cases  where  formalin-fixed 
cornea  was  used  instead  of  fresKcornea  or  cornea  preserved  at  low 
temperature  (Shereehevskaya)  attests  to  this  possibility;  to  a 


I  certain  degree  this  possibility  Is  also  Indicated  by  the  fact  that  when 
I  the  entire  cornea  was  replaced  the  transplant  always  opacified.  [ 


P15pan»plantatloni  of  cartllaga  (I^ikrhel  ‘  son,  1959,  Bogoraz,  19^4-j 

throM  soma  doubt  on  tho  regidaritlae  of  tiasuo  aooeptanee«»«thla  doubt  | 
it  bated  on  the  fact  that  traneplantt  not  only  of  froth  oartilage 
but  alto  of  that  uhleh  had  firtt  been  kept  in  alcohol  Mere  tuooettful. 
Cartilage  here  may  hare  pliyed  the  part  of  a  tubatrate  for  replaoement. 
Therefore,  the  queation  of  permanent  aooeptanee  of  oorneat  and  oartil^e 
ihould  beatudied  aith  greater  praeiaion  than  it  hat  been  to  date. 

A  great  service  of  the  late  D.  P.  Filatov  and  hit  coMorkera 
Mas  the  development  of  inveatigationa  on  the  tranaplantation  of  embryo 
anlagen  to  adult  animals;  the  alma  of  these  studies  Mere  presented  in 
a  special  article  (19‘^0).  The  transplantations  made  by  Oetlaf  in 
amphibians  along  this  line  have  already  been  mentioned.  The  greatest 
progress  here  has  been  made  by  Soviet  investigators.  Anlagen  of  teeth, 
transplanted  to  rata  and  dogs  and  developed  into  teeth,  remained  for 
a  year,  until  the  animals  died  (itapohinskly  and  I'^inovskiy,  19^0a,b, 
and  c;  19^5).  In  nome  cases  anlagen  of  the  thyroid  gland,  transplanted 
subcutaneously  to  adult  rate.  Mere  preserved  and  functioned  for  a 
long  time  (Revzlna,  1959).  Increased  function  aa  the  result  of  removal 
of  the  thyroid  gland  of  the  host  improves  the  tissue  acceptance  of 
the  transplants  in  such  cases  (May,  1955)*  Transplants  from  the  skin 
of  rat  embryos  to  the  eyas  of  adults  are  maintained  for  several  laonths 
and  change  their  route  of  development  in  the  direotion  of  transfortaation 
into  cornea  after  such  grafting  (Popov,  Bednyakova  and  Belyayeva,  1950). 

It  has  been  possible  also  to  observe  complete  differentiation  of 
embryonic  cartilage  grafted  to  the  body  of  en  adult  host  in  rodents 
(Volodina,  19^^ )»  and  Mlth  grafting  of  tho  prlmordla  of  the  testicles 
to  adult  Mhlte  rats  there  Mas  complete  spermatcgenesie  (Ugarov,  1958). 
Finally,  Okulova  (1950)  succeeded  in  bringing  about  the  prolonged 
acceptance  of  embryonic  skin  at  the  sites  of  skin  defectc  in  adults 
in  man.  '-'ith  repeated  transplantations  to  the  same  patient  the 
grafts  "took"  more  poorly  and,  flnslly,  degenerated  Mith  the 
simultaneous  breakdoMn  of  pieces  ot  skin  Mhlch  had  previously  been 
accepted. 

These  sueeessful  eases  should  not  lead  to  the  opinion  that 
grafts  of  embryonic  tissues  give  qualitatively  different  results 
compared  Mith  tbs  transplantation  of  adult  tiaeuee.  Here,  those  tissues 
and  prlmordla  Mhlch  possess  the  lOMest  metabolic  rates  and  shoM  the 
best  compatibility  have  the  best  tissue  aoeeptabllity;  the  seme  applies 
to  all  other  cases  described.  Here,  for  example,  ms  have  cartilage, 
cornea  and  teath.  Tranenlantatlone  of  eyes  from  15-<l«y  embryos  to 
adult  rats  (Tanslsj^  19^)  Issd  to  the  rapid  occurrenoa  of  inoompatibilityw- 
cell  death  and  phagoeytosis.  They  include  the  eyes  in  the  same  order 
as  in  sraphibians  and  ooour  in  members  of  the  same  strain  of  rats  at 
about  the  20th  day;  in  the  ease  of  transplantations  batMsen  different 
strains,  at  early  as  after  a  Meek.  The  inoompatlbility  phenomena  develop 
also  Mith  transplantation  of  a  number  of  embryonic  anlagen  to  the 
omentuQS  of  adult  rabbits;  here,  the  reactions  of  incompatibility  are 
manifested  to  a  lesser  degree.  Thus,  the  embryonic  tissues  In  mammals 
give  mors  frequent  end  iBore  permanent  "takas"  than  adult  tlssuas,  and 
the  iaeompatibllity  reactions  to  the  former  occur  leao  readily.  Thisi 


j  naans  that  in  transplantation  of  o'nbryonic  tiaauas  tha  diffarancas  j 
fron  adults  are  acre  of  a  quantitative  than  a  qualitative  nature. 

In  auBt  as  wa  go  to  tha  higher  vertebrates  regular  changes 
occur  in  the  Incompatibility  phenomena.  They  increase  sharply  from 
amphibians  to  mainfflalsi  inereaeing  partioularly  in  man.  Complete 
ootapatibility  of  tissuee  of  genetically  different  aninale  le  limited 
to  the  embryonic  stages  in  birds  and  mammals,  but  for  these  stages 
tissue  compatibility  is  possible  in  very  distant  forms.  The  same 
heterogeneity  occurs  in  the  survival  of  various  tissues  as  in  the 
Amphibia,  and  those  tissues  uhioh  survive  better  in  transplantations 
from  adult  animals  also  survive  better  in  the  ease  of  transplantations 
from  embryos.  There  is  an  increase  in  the  significance  of  the 
relatedness  of  tissues  being  groan  together,  abereby  the  importance  of 
the  intraspocios  degrees  of  kinship  increases  particularly.  Tissues 
of  distant  species  are  capable  of  surviving  in  a  foreign  host  for 
approximately  the  same  time  as  the  tissues  of  closely  related  species; 
a  difference  in  the  time  of  survival  up  t©  the  point  of  permanent  "take” 
is  observed  aith  increase  in  the  degree  of  kinahip  althln  tha  species. 
Tisauas  of  other  species  of  various  taxonomic  degreas  of  relatedness 
and  their  derivatives  are  apparently  perceived  by  the  host  as  "foreign 
proteins”,  uhich  give  rise  to  pronounced  defense  reactions.  In  all 
eases  only  the  autotransplants  and  tissues  of  the  members  of  the  same 
inbred  line  are  accepted.  In  complete  accordance  aith  this  is  the  fact 
that  apparently  the  seoK  of  each  person  poaeassas  individual  immuno¬ 
logical  cbaraoteri sties  ahich  to  different  degrees  differ  from  the 
characteristics  of  other  individuals  (Cumley  and  Iruin,  ^9^5). 

At  the  same  time,  in  transplantations  in  mammals  there  are  no 
appreciable  toxic  phenomena.  Incompatibility  phenomena  refer  to  the 
defense  reactions  proper  of  the  organisms;  they  are  of  a  more  uniform 
natxuro.  Increase  of  them  is  in  complete  accordance  with  the  gigantic 
build-up  of  immunological  activity  from  lexer  to  higher  vertebrates 
(Poltev,  1947),  Evolutionary  changes  refer  chiefly  to  the  "reactive” 
defense  system  of  the  organism  specifically,  which  develops  or  the 
basis  of  the  hanopoietlc  organs. 

These  evolutionary  ehangea  in  the  immunological  phenomena  occur 
in  close  connection  with  other  changes  in  the  basic  properties  of  the 
taxonomic  groups  of  vertebrates.  These  ares  a)  complexificatlon  and 
Intensification  of  metabolism,  particularly  in  connection  with  the 
occurrence  of  warm-bloodednass;  b)  complexlfieation  of  the  structure  of 
animals,  particularly  of  the  brain;  0)  limitation  of  the  power  of 
regeneration,  associated  with  the  transition  of  tissues  from  one  coll 
type  to  another,  to  the  early  stages  of  development  only.  Such  a 
relationship  probably  is  not  chance.  It  is  an  expression  of  the 
necessary  tranaformations  to  which  the  rules  and  regulations  of  animal 
development  have  bean  subjected  in  connection  with  the  transition  to 
the  construction  of  progessively  more  complex  and  vacried  beings.  Thereby, 
tha  cytological  basis  of  developmental  processes  has  also  changed, 
which  is  particularly  clearly  seen;  I)  in  the  gigantio  increase  in 
preciaion  and  variety  of  formation  of  substances  in  reactions  of  tha 
{  immune  type,  that  is,  the  formation  of  structurally  complemsntary  { 


( 


oubatancea;'  2)  iw  1:h»  essatiosn  of  special  differer'tiatioiis 

in  liho  aj'siiain  of  hamopoietic  organs  «bleh  arc  assoolatod  ■»J,th  the 
appearance  of  a  struot-uro  in  the  colls  nViloh  poraits  the  ogresa  of 
the  cottploMontayy  aubBtanooa  outside  the  oella,  in  ooritrast  to  the 
usual  "enolosad”  metabolisia  in  differentiated  coils  of  anlnal*. 


%  The  Significance  of  Various  Parts  of  the  Orgaaleo  in  the  PhanoiBona 

of  Tisau*  Inoorapatibility 


Cofflpariaon  of  the  various  forwe  of  anioals  with  regard  to 
the  extent  of  incoapatlbility  phenooena  In  then  la  inadequate  to  give 
a  detailed  concept  of  this  subject.  In  order  to  gain  a  deeper  idea 
of  the  aourosa  of  tissue  inooupatibility  it  is  necessary  to  take 
into  account  and  ccaparo  the  signifioanoesof  the  various  prooeases 
developing  in  the  body  of  a  single  arltnal  and  playing  a  part  In  the 
inoottpatibility.  They  are  related  to  differences  in  the  different 
cells  and  their  coaponenta  eith  regard  to  incompatibility  phenomena. 
Therefore,  in  this  section  we  shall  return  to  the  cellular  basis 
of  incompatibility  but  non*  from  a  different  aspect  than  at  the  beginning 
of  the  work;  not  from  the  aspect  of  the  general  evolutionary  basis  of 
incompatibility  but.  rather  from  that  of  the  detailed  roles  of  the 
various  cells  and  their  components  as  demonstrated  by  means  of  a 
comparison  of  the  factual  data, 

A.  Tissue  Compatibility  with  Regard  to  the  Source  of  the 
ImaunologiosLl  Reactions.  A  number  of  epeelfio  data  speak  for  the  fast 
that  incompatibility  phenomena  are  associated  in  aaanals  primarily  and 
specif Ically  with  the  particular  system  of  cells  ehleh  aoeemiplishes  Its 
defensive  function  in  the  entire  organism  rather  than  with  the  toxic 
effect  of  heterologous  tissues.  Mixed  cultures  of  various  mouse,  rat 
and  even  chicken  tissues,  where  the  colls  are  nixed  with  one  another, 
live  for  a  long  time  together  without  the  slightest  signs  of  necrosis 
(Harris,  Grobstein  and  Youogner,  19^9).  Tissue  oulttarea  live 

in  the  blood  sera  of  other  species,  and  very  distant  ones  at  that 
(birds-mammals ),  being  only  ooiaawhat  delayed  in  their  growth  rates; 
the  addition  of  chick  embryonic  extraot  has  a  beneficial  influence 
on  the  growth  of  mammalian  tissiioa;  some  other  stimulators  also 
possess  spoeios  speeifieity  (Khlopin,  19^0;  Khrushchov,  19^5).  All 
this  speaks  for  the  fact  that  the  incompatibility  react to»a  are  asioctated 
with  a  particular  system  of  cells  in  the  organism;  it  cannot  be 
otherwise  if  true  immune  reactions  underlie  the  incempatibllity 


phenomena. 

Aside  from  the  data  wlidch  wo  have  mentioned  in  other  places, 
the  nature  of  the  functions  of  oytotoxins  (antibodies  to  tissues  of 
another  speeios),  dlsoovered  and  first  studied  by  Kaohnikov  (1901)  and 
his  oowerkers,  speak  for  this.  They  arise  from  the  injection  of  tissues 
of  another  species;  after  the  breakdown  of  the  grafted  tissue  the 
destructive  influence  of  tlje  animal  upon  the  tissue  of  this  speoies 
increases  with  aubsequent  grafting,  as  does  also  the  effect  of  the 


animal's  serum  on  the  tissues  of  this  species.  The  species  apaolflolty 
I  of  the  oytotoxins  is  proved  also  by  the  fact  that  the  absorption  of; _ I 
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such  Bsrft  by  tissue  extracts  of  the  spaolas  against  whieh  the  cyto- 
toxin  was  obtained  ellialnatas  their  injurious  effect  (Harris,  19^8). 

The  sane  phanouana  of  inmunization  and  antibody  formation 
occur  in  Intraapeoies  transplantations,  where,  as  has  already  bean 
mentioned,  death  of  the  grafted  tissues  also  occurs.  The  difference 
lies  In  the  fact  that  immunization.  Ilka  destruction  of  the  transplants, 
occurs  much  more  slowly  hare.  However,  here  also  repeated  transplan¬ 
tations  from  the  same  donor,  grafted  after  the  breakdown  of  previous 
transplants,  die  in  a  shorter  time.  Thereby  the  corresponding  anti¬ 
bodies  to  the  transplanted  tissues  are  found  in  the  blood  of  the 
animals  (Sokolov,  1923a).  The  time  of  death  of  second  transplants, 
grafted  on  the  same  place  as  the  flrst^was  almost  the  same  as  that 
for  t!xise  which  were  simultaneously  transplanted  to  some  distant 
place  in  the  body.  This  shows  that  the  decisive  part  in  the  incompati¬ 
bility  phenomena  Is  played  by  general  immunity;  local  immunity  ooctiplos 
a  very  small  place,  giving  only  an  insignificant  addition  to  the 
action  of  the  general  immunity  (Madawar,  19^4). 

Specifically  because  of  the  Immunological  defenaive  nature 
of  the  Incompatibility  phenomena  they  are  found  between  tissues  only 
in  the  intact  organism.  This  "integrity,"  to  which  many  like  to  refer 
without  interpreting  its  nature,  can  be  adequately  understood  here  as 
a  first  approximation.  It  is  conditioned  by  the  fact  that  only  in  the 
intact  organism  la  there  a  system  of  specially  constructed  cells 
which  produces  antibodies  in  response  to  the  Influx  of  foreign  proteins. 
Further,  only  in  the  organism  do  conditions  exist  for  the  activity 
and  multiplication  of  these  special  oella,  owing  to  which  they  can  produce 
large  numbers  of  antibodies  necessary  for  the  ooouxrence  of  the 
ineompatibillty  reaction.  Finally,  with  transplantation  to  an  intact 
organism  all  the  ooiidltions  are  present  for  the  prolonged  effect  of 
the  transplant  (of  Its  products)  on  the  cells  of  the  recipient's 
hemopoietic  system,  which  is  also  necessary  in  order  for  it  to  begin 
producing  considerable  quantities  of  antibodies,  /t  the  same  time, 
a  charaoteriatio  feature  of  living  transplants  can  be  demonstrated 
from  this  aspect;  in  contrast  to  the  injection  of  various  cell  compo¬ 
nents  and  substances,  transplants  continuously  produce  the  substances 
which  serve  for  the  increase  in  antibody  production  against  them. 

The  absence  of  a  direct  spatial  relationship  between  the  transplant 
and  foci  of  hemopoiesis  leads  to  the  need  for  a  connection  between 
them  throvigh  the  products  of  transplants  which  enter  the  blood  stream. 
Naturally,  a  certain  time  is  needed  for  an  adeqmte  quantity  of  these 
aubstanoea  to  coma  to  the  hemopoietic  system,  and  this  tine  should  be 
less  the  larger  the  transplant  and  the  more  active  its  metabolism  and 
the  closer  its  connection  with  the  blood  strosm.  This  is  in  agreement 
with  what  actually  occurs.  The  data  presented  show  that  tissues  with 
a  higher  metabolic  rate  die  more  quickly  in  the  transplants  and  that 
the  survival  time  of  the  skin  transplants  of  different  sizes  is 
inversely  proportional  to  their  sizes. 

At  the  same  time,  all  these  data  also  speak  against  the  fact 
I  that  death  of  the  tissues  is  baaed  on  toxic  phenomena,  as  Loeb,  for  . 

I  exaapla,  believed  (Loeb,  19^5).  The  phenomena  of  direct  intoxloatiowi 
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obsarved  in  many  «xpori)s«nte  on  aaphibians  occur  imaadiately  of  tor  the  I 
grafting  (including  in  explant e  deprived  of  a  vascular  systeof-Lopashov, 
19^)<  iBeonpatibillty  in  aanmals  devlopa  gradually  and  is  for  the  nost 
part  associated  aith  inmtinologieal  phenonena^  after  ahioh  coses  destruc¬ 
tion  of  the  injured  cells  by  the  phagocytes  of  the  recipient.  Apparently, 
the  phagocytic  leuoooytea  ahich  occur  in  the  saae  heBopoietlo  systes 
as  the  iiaauRe  bodies  possess  specific  activit:'  with  respect  to  those 
foreign  cells  the  products  of  ahich  have  acted  ioaunogenically  on  their 
source. 

B,  The  Signifioanee  of  the  Various  Parts  of  Cells  in  the 
Creation  of  the  ItaBunological  Basis  of  IncoupatlblUty.  Ths  ideas 
presented  above  on  the  connection  betveen  transplants  and  ,the  Inoune 
system  throxigh  metabolism  cause  us  to  put  the  following  questiont 
wbleh  cells  components  and  darivatives  are  accessible  to  the  system 
of  hemopoietic  oelle  and  responsible  for  the  production  of  the  immune 
reactions?  Since  the  antibodies  whioh  arlss  are  then  hound  to  the 
cells  of  the  transplants,  blocking  their  activity  and  causing  their 
death,  it  is  clear  that  here  we  cannot  speak  of  simple  products  of 
normal  cell  metabolism  but  rather  of  substances  which  are  themselves 
always  included  as  necessary  structural  components  in  the  composition 
of  the  cells}  this  does  not  mean,  however,  that  all  the  cell  components 
must  participate  in  phenomena  of  imatmization.  In  complete  agreement 
with  thie  condition  is  the  basic  fact  that  only  protein  substances 
are  antigens.  Various  simpler  substances,  products  of  cell  catabolism, 
cannot  serve  as  a  means  of  eotamunie ation  between  the  cells  of  ths  body 
andof  the  hemopoietic  systcu.  The  quection  arises  as  to  whether  in  the 
cycle  of  matter  in  the  blood  not  only  substances  serving  for  call 
nutrition  and  not  only  products  of  cell  catabolism  but  also  more 
complex  proteins,  which  are  the  typical  eonstitutents  of  tissue 
cells  and  which  are  included  in  their  normal  biochemical  characteristics . 
might  not  participate.  Which  eharacteristio  proteins  can  come  out  of 
the  cells,  under  what  conditions,  and  with  what  parts  of  the  cells 
is  their  origin  associated? 

In  this  oonneetion,  we  must  turn  to  the  basic  features  of 


cell  struot}]re;  as  a  schema  of  the  general  structure  of  cells  it  may 
be  accepted  that  they  have  two  outer  layers  and  internal  endoplasmic 
structures,  among  which  miorosomes,  mitochondria  and  other  granular 
components  may  be  distinguished,  possibly  included  as  elements  in 
the  fibrillar  network,  made  up  of  filsaenta  of  a  linear  nature.  With 
differentiation  of  cells  nttmerous  speoializsd  proteins  arise  in  them, 
different  in  cells  of  different  types  and  different  organa.  Hers, 
for  example,  we  have  melanin,  collagen,  myosin,  keratin,  neurokeratin, 
hemoglobin  and  other  substances  of  limited  distribution  in  the  body. 
Unfortunately,  with  respect  to  the  connection  of  the  Immune  reactions 
with  these  proteins  only  snatchy  information  exists.  This  is  to 
a  considerable  degree  based  on  the  biologically  limited  methods  with 
which  the  majority  of  immunologists  have  worked  who  studied  the  antigenic 
properties  of  organs  and  tissues  and  their  development  in  the  course  of 
j  ontogeny.  They  ground  up  the 


Investigated  tissues  in  a  mortar  and  studied 
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Ftlie  ftntlganie  properties  of  the  mixttjtfe  of  different  aubstancee  and  I 
'  cell  ooTBponente  obtained.  However,  the  atudlea  In  which  the  funetiona' 
of  the  parti  of  the  cell  wore  dlatingidshed  peralt  ua  to  speak  of  the  fac- 
that  their  inmunological  roles  are  different.  In  Tyler’s  experlaenta 
(19^7)»  where  the  outer  and  Inner  layers  of  aea  urchin  ova  were 
investigated,  the  outer  layer  contained  fertilisin  (or  conalsted  of  it) 
and  the  underlying  layer  contained  antifartlllaln.  When  injected  into 
the  blood  of  a  rabbit  they  induced  the  fCrnatlon  of  antibodies  wbioh 
were  like  the  opposite  substance— •antiferti 11 sin  gave  rise  to  fertilisin, 
and  vice  versa.  Different  strains  of  Paraaecium  bursaria  infusoria, 
after  being  injected  into  the  blood  of  rabbits  for  a  long  tioe,  induce 
the  foriaation  of  antibodies  which  combine  with  the  cilia  and  outer 
membrane  but  do  not  affect  the  inner  cytoplasm  or  nucleus.  In 
the  same  way,  antigens  exist  in  bacteria  which  are  leoalized  in  the 
capsules  and  flagella  the  antibodies  to  which  do  not  affect  the  inner 
parts  of  the  cells.  Finally,  in  erythrocytes  it  has  been  possible, 
by  the  method  of  separating  the  outer  layers  by  freezing,  to  show 
that  their  main  antigenic  properties  are  associated  with  the  inner 
stromata  of  these  cells. 

All  these  data  indicate  that  different  cell  components  are 
actually  antigenioally  different.  The  impression  nay  be  created  that 
in  the  intact  state  the  antigenic  role  must  be  played  chiefly  by  the 
substflmces  of  their  outer  layers.  However,  studies  of  the  immunological 
properties  of  microsomes  made  shortly  after  their  discovery  (Kidd  and 
Priedewald,  19^2;  add,  29^^)  showed  that  the  antigens  are  hot  limited 
to  the  cell  membranes.  ^&orosomeB  isolated  from  the  cells  of  a  number 
of  organs  (and  malignant  tumor  }  and  injected  into  the  blood  of  an  animal 
of  another  species  induce  antibody  formation,  and  these  antibodies  are 
capable  of  suppressing  the  growth  of  the  tissues  of  the  animal  and 
of  the  tumor  strain  from  which  the  microsomes  were  extracted .  In 
the  blood  of  the  same  animals  there  Is  a  natural  antibody  to  miorosomet 
of  the  same  Individual.  This  speaks  for  the  feet  that  the  intra- 
cellulM  components  partielpats,  possibly,  in  antibody  production  and 
are  aeoeeslble  to  their  effects.  The  absence  of  organ  speoifleity 
in  the  action  of  antlbedlee  on  miorosomes  and  pronounced  species  (and 
strain,  in  the  ease  of  tumors)  specificity  speak  for  the  fact  that  they 
may  be  only  partial  agents  in  antibody  formation  from  transplantations. 

All  these  data,  however,  which  show  that  the  various  cell 


components  can  serve  as  different  antigens  do  not  give  us  any  idea 
of  the  actual  means  of  action  of  transplants  or  what  speoifioally  la 
the  Immunization  agent  in  grafting.  In  all  experiments  of  injection 
of  different  cells  and  thair  components,  namely,  bacteria,  infusoria, 
erythrocytes,  erythrocyte  components,  miorosomes,  and  others  the 
agent  injected  can  itself  come  into  the  area  of  antibody  formation 
and  come  into  direct  oontaot  with  the  cells  forming  them.  In  the  case 
of  transplants  the  question  again  arisesi  specifically  wlwit  domes  from 
them  to  the  fool  of  immunologic ally  active  cells?  That  such  production 
of  proteins  by  tissue  calls  does  occur  is  shown  by  experiments  of 
.  cultivating  ohleksn  fibroblasts  in  a  meditm  of  rabbit  plasma.  After  . 
{  the  growth  of  the  cultures  in  this  madixim  substances  were  fttund  in  It  I 
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Mhieh  gave  inmune  reactions 


with  chlciceu  plasma  antibodies  (Land 


Steiner,  1946). 

It  votxld  be  taoat  probable  to  stipposa  that,  depending  on  the 
conditions,  various  protein  ecBiponents  of  the  tissues  ootae  out  into, 
the  blood  stream.  In  all  eases  normal  protein  products  of  oetabollsst 
are  given  off  vWLch  are  distinguished  by  species  specificity  (and  which 
do  not  produce  ioiniuna  reactions  in  the  body  of  the  same  individual). 

In  cases  of  injury  or  of  conditions  of  atypical  metabolism  (with 
inadequacy  of  nutrition,  respiration  and  disorders  of  excretory 
processes)  under  which  the  grafted  tissue  comes, other  protein  compo¬ 
nents  of  the  cells  or  complex  products  of  protein  metabolism  which 
normally  do  not  come  out  of  the  celle  may  be  given  off  into  the  blood, 
iherafore,  the  more  typical  the  metabolic  conditions  (chiefly,  blood 
supply)  under  which  the  transplant  has  come  and  the  less  its  require¬ 
ments  on  these  conditions  the  less  will  be  the  escape  of  substances 
which  it  normally  does  not  excrete. 

C.  Organ  Specificity  of  Antigens,  its  Ontogeny  and  Buies  and 
Regulations.  In  Intimate  association  with  the  problems  analysed 
and  representing  their  final  link  is  the  problem  of  how  specific  are 
the  immunological  properties  of  tissues  of  different  organs  and  with 
what  cell  components  is  such  specificity  connected.  The  existing  data 
make  a  quite  definite  picture.  However,  it  should  not  be  forgotten 
that  the  data  existing  here  are  very  inexact:  first  of  all,  because 
of  the  methodological  heterogeneity  of  the  majority  of  studies  already 
noted;  secondly,  by  virtue  of  the  fact  that  the  majority  of  organs 
includes  vary  different  cell  types  and  they  are  frequently  very  little 
related  to  one  another:  their  antigenic  properties  maiy  be  different, 
but  still  they  can  all  be  mixed  together.  Therefore,  it  is  probable 
that  some  characteristics  of  the  data  oh  organ . apeoifioity  of  antigens 
owe  their  existence  specifically  to  this  inaccuracy  of  the  methods 
of  investigation.  The  degree  of  'specificity  of  the  antigens  obtained 
from  various  organs  might  be  greater  If  the  various  components  of 
homogeneous  cells  or  whole  living  oells  were  used;  it  would  perhaps  be 
higher  also  where  this  oondition  has  been  unintentionally  observed  by 
the  investigators. 

Among  the  organs  investigated  the  lens  possesses  the  greatest 
organ  speoifioity;  at  the  same  time,  its  antigens  do  not  possess 
pronounced  species  speoifioity.  This  is  expressed  in  the  fact  that 
antibodies  to  the  lens  do  not  give  reactions  with  the  material  of 
other  organs  of  the  same  speoies  but  react  with  the  lens  material  of 
other  species  (Loeb,  The  cornea  is  similar  in  its  properties 

to  the  lens.  Antibodies  (cytotoxins)  to  the  lens  Injure  it  speoifioally. 
Antigens  of  other  organs  induce  antibody  formation,  whloh  react  not 
only  to  the  given  but  alsot>  other  organs  and  tissues.  These  are  the 
Iddneye,  liver,  spleen,  leuoooytee  and  others.  This  occurs  also 
after  the  absorption  of  immune  sera  by  the  material  of  other  organs 
for  the  purpose  of  removing  organ-nonspecific  antibodies 
encountered  in  the  latter  (Burke,  Sullivan,  Petersen  and  Veed, 

Harris,  19^8).  Thereby,  the  snti bodies  show  species  speoifioity  poorl;i, 
do  not  react  at  all  with  the  meterial  of  the  same  organs  of  other^ 


21 


[  ispaoies  of  enioalB.  Prom  dlfferant  studies  of  tissues  it  hss  been  1 
found  that  the  most  spec if ie  reaction s  are  given  by  bone  marros,  the 
antibodies  to  vhioh  reset  to  a  lesser  degree  to  the  material  of  other 
organs  than  to  their  oun.  Antibodies  to  the  brain  give  cross  reactions 
Mith  antigens  of  the  testicles^  ovaries  and  Iddneys.  The  absorption  of 
an  antigen  to  one  organ  by  the  naterial  of  others,  vhieh  give  cross 
reactions,  considerably  lessens  -  the  reaction  to  its  ovn  naterial. 

This  causes  us  to  suppose  that  in  innunlsation  vlth  these  organs  their 
naterial  introduces  a  nunber  of  antigens,  vhlch  induce  the  production  of 
several  ..antibodies,  and  that  these  antigens  have  different  distributions 
anong  various  organs  of  the  aniaal. 

The  Isolation  of  a  nunber  of  bloobenloal  eonponents  of  the  cells 
of  various  organs  psrnits  us  to  go  sonswhat  deeper  into  thia  picture. 
Different  proteins  present  in  the  blood  plasna— fibrinogen,  globulins, 
albumins,  and  hsnoglobin  of  erythrooytss<»>taken  from  the  sane  species 
behave  like  different  antigens.  Collagen  is  also  distinguished  imnuno- 
logically  fron  the  plasns  proteins  of  the  sane  aninals.  Hovever, 
these  proteins,  at  the  sane  tine,'  possese  a  certain  species  spsoifleity, 
since  antibodies  to  then  react  sith  the  corresponding  substances  of 
closely  related  species  only.  Thyroglobulin  possesses  less  species 
spseifieity.  Finally,  proteins  isolated  fron  the  lens  and  keratin 
possess  the  greatest  individual  speoifloity  and,  at  the  eane  tine, 
are  alnoat  devoid  of  epeoies  apeeifleity;  antibodies  to  these  sub¬ 
stances  give  reactions  vith  the  corresponding  substances  of  rspre- 
ssntativss  of  even  sons  other  classes  of  vertebrates. 

The  division  of  substances  used  as  organ  antigens  into 
separate  freotlona  has  eads  it  possible  to  sbox  that  their  species 
and  organ  spsolfie  properties  are  actually  associated  with  their 
various  eonponents.  The  brain  can  be  divided  into  protein  and  lipoid 
fractions.  Of  these,  the  lipoid  fraction  is  organ  specific;  it  reacts 
with  antissruu  against  tbs  brains  of  all  species  of  nanmals.  The 
protein  fraction  poaaessea  species  specificity;  it  reacts  only  with 
antiserum  obtained  to  the  brain  of  the  sane  speciee  of  aninal.  The 
antigenic  properties  of  the  posterior  lobe  of  the  hypophysis  are  divisible 
in  the  sane  way.  Similar  fractions  have  been  isolated  also  fron  the 
nicrotones  already  mentioned,  the  species  spseifieity  of  which  was  also 
found  to  be  connected  with  the  protein  fraction.  The  low  spsolss 
specificity  of  thyroglobulin  is  probably  eonneotad  with  the  presence 
of  thyroxin  and  diiodotyroslne  in  it  in  all  species.  Finally,  in 
the  lens  it  is  possible  to  isolate  no  leas  than  two  antigenic  eonponents, 
one  of  which,  an  alpha-globulin,  is  encountered  in  all  vertebrates. 

The  conclusions  which  these  data  permit  us  to  draw  ax«  that 
the  naterial  of  the  majority  of  organa  possesses  slight  antigenic  apeoi- 
fioity,  and  it  is  overlapped  by  species  spseifieity.  The  organa, 
nalnly  the  lens,  which  possess  a  high  degree  of  organ  spsolnoity  do 
not  possess  species  spseifieity,  so  that  the  organ  and  spades  spsei¬ 
fieity  arc  in  reciprocal  relations.  It  is  significant  that  during 
the  ooursa  of  deveiopnent  the  lens  antigen  undergoes  a  number  of 
I  ohsngss  and  that  antiserum  to  lenses  of  166-bour  chick  enbryos  reacts  I 
Laj^so  with  other  organs,  killing  tbp  enbryos  in  jeetsd  with  it,  whtrsas-J 
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piiytetoxina  to  adiilt  l«ns«i  injur*  th«  1«d««s  of  th*  oMok  j 

•Bbryo  In  ths  ogg;  in  the  oeurea  of  darelopBont  the  quantity  of  rpeoi- 
fio  antiganlo  eubetane*  in  the  lane  inereaa*s{  the  antifena  nonapeoifio 
for  the  lone  disappear.  Speeiee  epaeifio  antigen  la  preaent  first  in 
the  lena*  but  then  it  is  eonpletely  replaced  by  organ  apecifie  antigen 
(Burke,  SulliTan,  Petereen  and  Weed,  19M).  Organ  apeeifieity  inereaaes 
in  the  course  of  developmnt. 

The  data  presented  perait  us  to  consider,  in  a  tentative  foray  that 
in  the  tissues  of  various  organa  there  are  a  nustber  of  antigens  rather 
than  a  single  onat  of  these,  one  is  aore  associated  sith  species  and 
the  others,  with  tissue  differences*  Organ  specific  antigens  can  be 
detected  only  in  experiaents  in  abich  the  calls  are  destroyed.  ITor- 
aally,  they  apparently  do  not  go  outside  the  cell  liaits.  The  fact 
that  lens  aaterial  injected  into  the  blood  can  cause  antibodies  to  be 
foraed  agslnat  the  lens  even  in  the  saae  indivldual-^onsequontly 
the  heaopoietle  systea  has  not  been  "adapted*  to  the  lens  antigens*^ 
indicates  this.  In  other  organs  also  there  are  antigens  shich  induce 
the  feraatien  of  antibodies  when  their  cells  are  destroyed  ehich  to 
varying  degrees  act  speelflcally  on  this  organ;  the  saae  results  have 
been  obtained  sitb  the  pheneaena  of  organ  deaeneraticst  resulting  froa 
ligation  of  its  aain  vessels  (SokoloVy  1925a).  Hoserery  apparentlyy 
the  loser  the  percentage  of  organ-nonspecific  protein*  participating 
in  the  construction  of  nn  given  organ,  ths  higher  the  percentage  of 
organ  specific  proteins  end,  accordingly,  the  greater  the  capacity  ef 
the  csyuifer  inducing  antibody  fomation  in  the  organiea  of  which  thia 
organ  is  a  part.  Hosevar,  deapite  the  intarast  of  that*  data,  they 
do  not  pandt  us  to  find  out  tha  ganaral  rulaa  and  regulationa  tinder- 
lying  innunity  phenomena  with  reapeot  to  varioua  cell  coaponanta  and 
tha  matarlal  of  dlffarant  organa  and,  hence,  of  incompatibility  phorossena. 
Thia  cannot  ba  dona  without  concidaring  the  manner  in  which  the  immune 
iyetem  ia  formed  during  the  oourae  ef  doyalopment  of  the  anlSMd,  by 
rogardlng  the  ealBal  producing  the  antlbodlec  aa  a  aimpl*  av^pllar  of 
tbsM  without  regard  for  tha  hiatory  ef  tha  creation  of  the  defanaa 
capacity  in  tha  oourae  of  ontogeny. 

4.  The  Otttogeneeia  of  Immunological  Pheneaena  and  Maana  of  Changing  Them 

Tha  material  praaented  above  and  tha  direct  eonoluaions  fromi  thaa 
permit  ua  td  proceed  aith  eartain  thaoratioal  eenatruotlons.  Tha  following 
oonoluaiena  are  moat  aignlfieant  for  theao  conatruetlons.  lamunelegieal 
phanemana  dlraeted  at  the  formation  of  antibediea  in  tha  blood  of  anlnala 
davalep  regularly  in  tha  couraa  ef  entoganeala.  Their  ooeurrenoe  la 
siaaooiatad  witbi  1)  the  formation  of  a  eartain  tlaaue  system,  namely, 
tb#  blood  syatam  in  tha  broad  aansa  ef  the  word,  which  occupies  a 
epacial  position  in  tha  mstabolie  system  of  tha  organlaa,  contraeting, 
by  having  a  nutrient  funotion,  with  tha  ether  tiaaua  ayateme;  it  is 
praaant  evarywhara  in  the  body  and  ia  tha  souroa  of  the  blood  protaias, 
antibediaa  a^  phageoytas;  2)  the  stag#  of  functional  change  in  this 
system,  whan  it  davelept  the  power  of  antibody  formation,  which  it  dldt 
I  not  have  tharatofera.  In  the  stag#  ef  tha  developed  erganiam  this 


25 


j  sy«t«B  forms  protoiiBS  in  rolatlon’to  other,  the  aost  vMled  proteiai  j 
extornftX  to  end  unloioMn  to  the  orgeniem.  The  protein*  created,  anti-' 
bodiet,  against  these  external  substanees  are  eomplennentery,  paired 
substances;  these  antibodies  are  nOitber  a  part  of  the  organisa  nor 
of  the  heterologous  cells  ahieh  hare  been  introduced  into  it  and  hare 
induced  antibody  foraation;  barein  lies  their  difference  from  the 
ordinary  proteins  of  the  body  Mhioh  are  included  in  its  cells  and  inter- 
■  cellular  siruotures.  While  the  proteins  of  various  higher  vertebrate* 
differ  in  ooEpositlon  to  different  degrees,  their  configurational 
properties,  apparently,  are  alaost  indistingi^shable.  This  Is  natural, 
since  in  various  spsoies  they  have  changed  over  the  course  of  history 
on  the  road  to  reinforcing  one  poser  or  another  of  adaptation  to  environ¬ 
mental  conditions,  chiefly  to  outside  protein  struotiures.  Wserefore, 
with  evolution  toward  the  higher  vertebrates  another  universal  tendency 
becomes  progressively  more  distinct,  the  tendency  toward  functional 
assimilation  of  various  proteins  to  one  another  in  accordance  with 
their  capacity  of  creating  different  configurations  which  make  up 
for  constitutional  differences, 

Ibo  first  things  that  the  tissue  system  capable  of  immunological 
reactions  must  come  up  against  in  the  course  of  ontogenesis  are 
the  proteins  (and  protein  complexes)  of  ths  same  organism,  the  products 
of  its  organ*  and  colls.  The  universal  reactivity  of  the  immune  system 
doss  not  permit  us  to  oxpect  that  it  would  pose-^as  a  predeteradnod 
power  of  reacting  only  to  foreign  proteins  and  not  to  its  own,  that 
it  would  have  an  innate  power  of  dlfiting^^isbing  between  its  own  and 
foreign  proteins  and  that  this  power  be  manifested  outside  of  its 
ontogenetic  development. 

Therefore,  it  is  most  probable  to  suppose  that  oontact  of  the 
immune  system  with  the  products  of  ths  rest  of  the  body  does  not 
ooeur  without  leaving  some  trace.  Subsequently,  the  immune  system 
does  not  produos  complementary  substances  (antibodies)  to  the 
tissues  of  the  seme  organism,  and  the  phagocytes  coming  from  it 
do  not  destroy  those  tissues.  Therefore,  it  may  be  supposed 
that  the  effect  of  the  protein  substanees  of  the  body  on  its  own 
immune  system  lies  in  creating  coa^atiblilty  in  the  latter  to  its 
own  proteins,  permitting  their  subsequent  ooexistenoe. 

Of  what  does  such  a  manner  of  creating  oompstibility  consist? 

We  may  assume  that  the  hemopoietic  cells,  coming  into  oontact  with 
protoins  circulating  in  the  blood  during  the  course  of  their  develop¬ 
ment,  begin  to  produce  proteins  themselves  which  correspond  more 
precisely  to  the  proteins  formed  by  the  tissue  eells  than  was 
possible  with  the  original  degree  of  similarity  of  ths  egg  proteins. 

In  turn,  the  protein  composition  of  the  latter  may  be  modified  in 
the  direction  of  correlation  with  its  nutrient  substances  carried 


by  the  blood.  As  a  result  of  this  rsaotion,  the  proteins  formed 
by  the  hemopoietic  organs  not  only  fail  to  show  Imatine  reactions 
with  the  tissue  cells,  but,  conversely,  are  made  like  them  to  the 
highest  degree.  Probably,  the  individually  specific  blood  protein 
composition  created  in  this  way  is*  in  one  way  or  another,  put 
together  in  accordance  with  the  changing  metabolic,  particularly  ^ 
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nutritional  ooBditiona  during  tho  oouraa  of  dayelopnant  of  tha 
aaoh  time  produoing  something  nea  by  oomparison  vith  tha  other 
dual a. 

Therefore,  during  tha  oottrse  of  ontoganaala  an  "aoquaintanoa*  of 
the  henopoietio  ayatam' ooeura  vith  the  protaiea  of  the  saaa  organism, 
with  an  "adaptation"  of  it  to  them.  Then  comes  the  stage  in  which 
the  capacity  of  dafansiva  iaauna  raaetiona  la  created.  It  oooura 
as  an  adaptation  naadad  for  tha  transition  to  changing  anyironmental 
eonditian8«~amarganoa  from  the  state  of  the  protected  embryo— In 
birds  and  masaiala;  in  aapbibians  its  occurrence  is  not  so  clear-out 
and  is  related  approzinataly  to  mataaorphoaia.  After  It  occurs 
tha  immune  system  begins  to  roaot  to  the  intake  of  new  "unknown” 
protein  substances  with  the  formation  of  eompl ament ary,  paired 
substances  which  serve  as  antibodies:  the  intake  of  the  "imknown" 
proteins  only  intensifies  the  production  of  proteins  which  are  to 
bo  assimilated  by  tissue  eolls  or  remains  without  effect, sinoe  the 
very  creation  of  the  properties  of  the  hemopoietic  cells  occurred 
In  interaction  with  them. 

This  succession  of  stages  Is  readily  substantiated  by  data  on 
transplantations  and  immunological  reactions.  In  birds  the  phenomena 
of  death  of  heterologous  transplants  occur  shortly  after  hatching: 
before  this,  transplants  of  other  species,  inelucing  even  mouse  tissues, 
survive  readily  In  the  bodies  of  their  embryos.  In  nwmmala,  imaediately 
after  birth  there  are  no  immune  reactions  end,  in  aooordanee  with  this, 
there  are  no  ganna-globuline  in  the  blood:  the  immune  reactions  are 
associated  with  their  appearance.  Probably,  the  occurrence  of  thia 
new  defensive  function  of  the  body  la  asaociatad  with  tha  beginning 
of  activity  of  a  tiaaue  system  capable  of  produoing  antibodies  and 
which  was  in  an  undiffarentlated  state  prior  to  this  atage. 

It  is  pCselbie  to  conceive  of  a  number  of  specific  mechanisms 
for  this  sucesssior  of  reactions  of  tho  hemopoietic  system  to 
protein  substances.  These  mechanisns  are  associated  with  transformations 
of  tho  cell  structvire,  particularly  tha  outer  layers,  and  with  its 
capacity  of  forming  proteins  with  correlative  and  complementary 
configurations.  However,  the  actual  signiilcance  of  one  variant  or 
another  of  these  ideas  can  be  learned  only  in  complete  association  with 
a  number"  of  phenomena  of  protein  metabolism,  which  themselves  are 
unclear  as  yet,  for  which  reason  it  would  be  premature  to  present  these 
variants. 


animal, 

Indlvi- 


The  ideas  presantad  permit  us  to  explain  a  nvmber  of  phenomena.  ^ 
During  the  course  of  development  the  syntbatic  properties  of  ths 
hemopoietic  system  are  probably  put  together  in  accordance  with  the 
protein  substances  which i  a)  enter  the  blood  in  considerable  quantity, 
and  b)  are  common  to  various  organs  in  thslr  antlgsnlo  propsrtlss. 

Thsse  very  oomnon  substances  and  the  blood  proteins  orsatsd  In  relation 
to  them  appear  to  be  general  proteins  which  are  apsoifio  for  ths 
speolas  and  ths  individual,  inis  hematopoietic  systems  of  tha  adult 
animids  bars  already  adapted  to  the  oharaoterlstios  of  the  vary 
common  substances  produced  by  various  organs  and  entering  the  blood  . 

I  during  the  course  of  their  development,  but  they  have  not  adapted  to  I 
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I  thone  body  iiubatanaea  (ihioh  do  Hot  «nt«r  tho  blood  but  rath«3f  go  I 
thJfo^j^h  their  tyaoriaformatiojis  inside  the  oelie.  If  different  i^tigena 
ere  injected  a  reastion  ocoura  first  to  aubstenoea  whlGh  distinguish 
indiLviduals  and  p&rtioularly  speeies,  since  they  were  aoi  •'known”  to 
the  haiHopolotic  aystera.  Ho««ver>  this  reaction  occur*  else  to  those 
subistanoois  of  the  aasie  erganleHi  which  have  net  entered  the  blood  stream. 
Even  in  the  aene  organism  not  all  the  proteins  ore  oompatlble  with  its 
iaattine  sy8t«»Bj  probably  only  those  which  nomally  enter  the  blood  stream. 

Ihertsfctre.,  the  hypothasls  presented  ooneelvee  of  antibody  fornation 
in  connection  with  the  entire  davelopment  of  the  nutrient  system  of 
the  organisa*.  Th®  defeaaive  raactlona  to  •’unksown’’  proteins  are  not 
coRgeEitaJ:}  they  become  possible  as  another  aspect  of  adaptation  of 
blood  proteins  to  the  nutrition  of  tissue  calls  during  the  course  of 
devwlcpsent .  If  these  ideas  are  correct  enoughs  we  should  expect  the 
exiiitcnae  of  now^  still  unstudied  relations  between  the  hemopoietic 
systea:,  anti  tbs  other  organa  of  aujiaals  in  eoncectlon  with  the  distinc¬ 
tive  featurca  of  their  poaltions  in  the  motabolie  system  of  the  body. 

Iho  fates  of  heterotransplant  a,  icolxiding  ambryonic,  and  the 
ads«!8  by  which  we  can  hope  to  change  their  fates  intentlonallj’  in 
the  direction  of  permanent  presorvation  are  getting  to  be  understood. 

The  iffismnis  tyetoa  of  the  animal  is  oriented  In  its  dafensivo  actions 
to  what  it  'did  not  Iciow”  in  the  course  of  ontogeny.  Incompatibility 
phenomena,,  tippoaring  at  a  certain  stage  of  development,  lead  to  the 
diaplacemisnt  of  the  heterografts  in  different  eases  for  several  different 
reaaona.  live  transpla-nted  tiasuaa  8urvi.v«  in  those  oases  where  the 
blood  supply  in  them  is  rapidly  reetored,  owing  to  which  their  metabo- 
liKia  are  not  impaired  (or  are  impaired  tc  the  least  degree)  and 
their  aetiv3.iiy  is  not  reduced.  In  homografts,  ever,  with  a  good  initial 
•’take*  thft  tranaplant  subsequently  break*  down  in  the  majority  of 
easwa.  Probably,  the  initial  factor  in  the  fates  of  such  transplants 
is  tbs  fact  that  the  abeenoe  of  the  neepasary  minimum  of  blood 


protein  ocmpereBta,  adapted  within  individuol  limits,  reduces  the 
activity  of  the  transplant.  This  leads  to  a  metabolic  disorder  (which 
la  ovidencec',  for  escample,  by  mitotic  arrest  in  the  cells  of  skin 
transplants)  and  to  the  fact  thats  a)  aetebo'iiss  is  either  lacomplota 
in  the  trnneplant  calls  and  protains  come  out  into  the  blood  which 
normally  do  not  enter  it;  b)  or  there  is  a  disorder  of  permeability 
of  tbs  outer  layers  of  calls,  which  also  lead*  to  the  entrance  cf 
proioin*  into  the  blood.  These  proteinc  affect  the  iiassune  system, 
and  the  antlbediea  produced  increase  the  destruction  of  the  weakened 
transplant,  which  than  submits  more  readily  to  their  influences.  As 
a  result,  this;  process  comas  to  ntn  end,-  because  of  its  intrinsic 
contradictions}  there  is  complete  destruction  of  the  transplanted  tissue. 
Thus,  thsee  eontradietions  which  underlie  the  incompatibility 
phenomena  are  based  on  the  following  relatlonas  1)  metabolic  disorders 
of  the  triiinnpl anted  tissues  because  of  inadequate  metabolic  conditions 
(assooiatnd  with  the  technique  of  grafting  or  lack  of  correlation  of 
the  blood  protein  components  with  the  transplant  cells)}  2)  immune 


reactions  of  the  rsoipient  occurring  on  the  base  of  entrance  of  the  i 
^protein  pifoduets  of  the  transplant  into  the  recipient's  blood. 


j  These  relations  are  Rsaociatad with  the  entire  combination  of 

conditions  which  contribute  to  or  prevent  the  onset  of  developtBent 
of  incompatibility  phenomena.  Etabryonio  transplants  survive  better, 
probably  beoauae  they  are  lees  demanding  of  aetabolio  conditions  in 
the  initial  period  of  the  transplantation.  Transplants  with  lower 
aetabollem  survive  better  for  the  same  reasons.  By  contributing  to 
normal  aetaboliao  of  the  transplanted  tissues,  functional  stress 
reduces  the  probability  of  immunisation  of  the  recipient  with 
products  of  incomplete  metabolism.  The  more  the  donor  and  recipient 
are  like  each  other  the  greater  the  part  which  is  played  byemergence 
of  protein  products  into  the  blood  which  do  not  normally  come  out  of 
the  cells  in  the  incompatibility  phenomena  resulting  from  impairment 
of  the  blood  supply.  In  the  caae  of  more  distant,  particularly  inter¬ 
species  transplantations,  the  inadequacy  of  the  blood  coraposltlon  of 
the  recipient  for  nourishment  of  the  transplant  is  added  to  this,  which 
accelerates  the  metabolic  disorders  of  the  graft  and  the  resulting 
antibody  production  against  it  and  its  death.  By  modif3dng  various 
oonditioae  in  this  complex,  we  may  hope  to  Increase  tissue  compatibility 
considerably  in  transplantations. 

Transplants  to  adult  animals  are  made  at  a  time  when  the  protective 
system  has  already  been  developed,  and  the  transplant  becomes  the 
source  of  the  "unknown"  substances.  Then,  the  larger  the  transplant 
and  the  more  active  its  metabolism  and  the  less  its  protein  composition 
has  in  oommen  with  that  of  the  recipient  the  sooner  It  is  destroyed. 

In  cases  of  transplantations  to  embryonic  stages,  on  the  other  hand, 
before  the  development  of  the  immune  system,  the  subsequent  dlspleoement 
of  the  transplant  is  conditioned  by  the  fact  that  the  mass  of  recipient 
tissues  is  usually  incomparably  greater  than  that  of  the  transplant 
and  for  this  reason  the  adaptation  of  the  immune  system  proceeds  in 
accordance  with  the  recipient  rather  than  the  transplant,  which  is 
later  crowds'’  out,  as  usual.  If  the  mass  of  recipient  tissues  were 
about  the  same  as  that  of  the  transplant  It  might  be  expected  that 
the  Immune  system  would  adapt  itself  to  both  of  them. 

Certain  facts  in  addition  to  those  already  mentioned  are  in 
agreement  with  these  ideas.  First,  even  in  the  old  experiments  of 
Burn  and  Harrison  smbryos  of  different  species  of  frogs,  joined 
together  In  halves,  went  thro\)gh  metamorphosis  in  some  combinations, 
maintaining  their  viability,  whereas  small  transplants  in  the  same 
combinations  undoubtedly  died  at  a  certain  stage  of  development. 
Obtaining  such  results  in  amphibians  is  difficult  because  in  many 
oomblnatione  signs  of  direct  intoxication  of  tissues  of  one  individual 
by  those  of  the  other  occur  to  different  degrees.  Secondly,  data 
on  twins  in  cows  obtained  from  different  fathers  speak  for  the  truth 
of  our  hypothesis.  It  has  been  shown  that  if  thsir  blood  streams 
are  anastomosed  the  antigenic  compositions  of  thsir  erythrocytes 
Is  mixed  and  becomes  the  same  in  both  individuals.  Apparently, 
during  the  course  of  development  the  calves  exchange  stem  cells 
and,  in  this  way,  each  receives  primitive  cells  half  consisting 

Lof  the  cells  of  ons  individual  and  half,  of  the  other.  (Tl)ls  speaks  i 
tor  the  fact  that  not  only  the  vascular  endothelium  cannot  come  fropi  J 


27 


1  tb*  loo»l  conn«otlT*-tiB»u«  c*ll«  (Khlopln,  19^^})  but  ftlao  that  tha^H 
oalls  of  th«  original  touroat  of  blood  (llvar,  tplaani  bona  aarrou) 
do  not  ariaa  froa  local  oalli  of  tha  anlagan  of  tbaaa  oraana  but  rat bar 
from  aandaring  priaordial  dariaatlvaa  of  aabryonlo  blood).  Thia  doaa 
not  pravant  auoh  haaopolatio  atea  eallti  ooalng  froa  different  braadai 
from  living  their  entire  livaa  in  the  bodiaa  of  bulla  and  oowa^  aithout 
showing  any  aigna  of  inooapatibility  with  them  and  without  affecting 
the  viability  of  the  racipianta  (Owen,  19^5)*  Undoubtedly,  however, 
apaeial  expariaanta  are  needed  for  proving  this  hypothesis. 

Essential  in  our  approach,  it  aeaaa  to  us,  ia  the  fact  that  the 
phenomena  of  incompatibility  are  not  regarded  separately  but  rather  in 
their  specific  association  with  a  larger  group  of  vital  phanoaena  and 
the  evolution  of  the  latter.  This  approach  la  demonstrated  even  in  the 
analysis  of  inooapatibility  as  a  function  of  ontogenesis  of  the  entire 
hemopoietic  system,  in  close  connection  with  its  changing  conditions. 

Many  authors  who  have  transpleunted  embryonic  tissues  to  adults  have 
expected  that  they  would  "adapt"  more  easily  to  tha  host  because  of 
their  greater  plasticity,  by  analogy  with  plant  grafts.  As  a  matter 
of  fact,  however,  the  actual  picture  in  transplantations  in  higher 
animals  ia  exactly  the  opposite!  it  is  not  the  transplant  which  adapts 
itself  to  the  host  but,  conversely,  tha  host  which  adapts  itself  to 
destroying  the  transplant,  by  defense  reactions  which  have  been  created 
during  the  course  of  evolution.  If  we  do  not  seek  to  understand  and 
master  the  regularities  of  creation  of  thie  defensive  capacity,  the 
expectations  of  "aeeustomation"  of  tha  transplant  in  animals  will  be 
perfectly  arbitrary;  they  will  be  based  eseentially  on  the  ooneeption 
of  adaptebility  ae  a  universal  property  of  the  living,  menifWeted 
without  relation  to  tha  epeoific  conditions  of  evolution.  Ae  a  matter 
of  fact,  thii  capacity  of  defense  against  foreign  bodies  is  an  fxpression 
of  evolutionary  changes  in  the  phenomena  whioh  In  other  eases  lead 
to  adaptation  to  environmental  conditions,  the  phenomena  of  plasticity 
of  proteins  in  their  various  relations  in  the  cells. 
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The  Proceee  of  Organ  Regeneration  in  Animals 
L.  V.  Poleahayer  (hloscow) 

I 

At  the  present  time  the  prlae4»i^  task  in  the  regeneration  problem 
is  the  elaboration  of  methods  ndxich  make  it  possible  parposefully  to 
regulate  processes  of  restoration  of  lost  organs  (or  tissues)  of  the 
body  and  to  restore  to  normal  their  weakened  or  lost  power  of  re¬ 
generation,  based  on  the  aims  promulgated  by  the  practice  'of  Soviet 
socialistic  public  health  and  the  national  economy.  For  the  purpose 
of  controlling  regeneration  processes  a  theory  is  needed:  it  is  necessary 
to  know  how,  by  what  method  the  processes  are  accomplished  which 
underlie  them.  In  connection  with  Ihls,  it  is  very  important  to  know 
the  mode  of  fomnation  of  the  regeneration  primordium.  Ideas  about 
the  essence  of  the  regeneration  processes  have  changedcontinuously. 

In  the  field  of  the  study  of  regeneration  there  has  long  been  a 
bitter  conflict  between  idealism  and  materialism.  Drlesch  (1915) 
proceeded  along  the  line  of  frank  idealism,  vitalism,  declaring  that 
the  regeneration  processes  are  controlled  by  an  entelechy,  a  non¬ 
material  metaphysical  factor.  Morgan  (1907)  declared  that  the  power 
of  regeneration  is  a  primordial  property  of  animals,  not  related  to 
their  adaptation  to  environmental  conditions  or  natural  selection. 
Morgan's  idealism,  therefore,  is  expressed  in  the  assertion  that 
there  is  a  property  of  original  expediency  intrinsic  in  living  organisms. 
His  approach  is  metaphysical.  He  regards  adaptation  and  the 
generative  power  of  living  matter  to  be  separate,  seeing  only  the 
opposite  nature  of  these  phenomena  rather  than  their  unity. 

Welsmann  (1892),  on  the  other  hand,  declared  that  regeneration 
is  an  adaptation,  the  result  of  natural  selection,  and  Is  not  a  self- 
reproductive  property  of  animals.  Weismsnn,  like  Morgan,  meta¬ 
physically  separated  and  opposed  adaptation  and  the  aelf-reproduct- 
ivc  capacity  of  living  matter,  without  seeing  their  unity.  Welsmann*  s 
ldeallsm,despite  his  verbal  acceptance  of  natural  selection  and 
phylogenesis,  consists  of  the  fact  that  the  development  of  the  power 
of  regeneration  is  explained  by  a  miracle,  by  chance,  and  does  not 
depend  on  the  prope;rties  of  organisms:  therefore,  it  requires  the 
assumption  of  a  particular  expediently  acting  principle. 

All  theme  thoroughly  reactionary  idealistic  evasions  led  to  the 
complete  degeneration  of  research  on  regeneration  abroad. 
Characteristic  of  all  of  them  are  an  antihistorical  approach  and 

analysis  of  the  organism  outside  of  its  relationship  with  the  I 
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'  ctnvironment.  The  route  of  their  development  i«  characteriased  by  ' 
formulations  of  the  Idea#  of  S^emann  (1924-1936)  of  "organizers*'  and 
the  theory  of  ’’fields"  by  Weiss  (1929)  and  other  foreign  scientists. 
"Organizers"  are  parts  of  a  developing  organism  to  which  the 
significance  Is  ascribed  of  being  factors  accounting  for  the  develop¬ 
ment  of  other  "organizable"  parts  and  which  do  not  depend  on  them. 
The  development  of  the  organism,  according  to  Spemann,  is  a  chain 
of  reactions  of  passive,  unorganixed  material  to  the  influence  of 
organizers*  Where  does  the  first  organizer  come  from?  Spemann 
{^ves  no  answer  to  this  question.  His  antihlstorical  approach  logically 
leads  to  an  act  of  creation,  that  is,  to  Idealism.  The  "fields, " 
according  to  Gurvich,  Weiss  and  t^ir  followers,  are  dynamically 
preformed  entities  of  unknown  origin  accounting  for  the  development 
of  the  organism  and  not  related  to  or  depending  on  its  material.  The 
preformistic  autogenetic  idealistic  significance  of  the  field  theory  is 
seen  very  clearly. 

The  most  progressive  of  the  foreign  regeneration  theories  is 
Child's  physiologicad  gradient  theory  (1948),  according  to  which 
development  is  determined  by  environmental  conditions  which  bring 
tibottt  first  physiological  quantitative  differences  in  the  metabolic 
rates  in  the  initially  homogeneous  living  material,  which  then  leads 
to  qualitative  changes,  changes  in  shape,  and  differentiation.  How- 
<tver,  this  theory  is  limited  and'  antihistoHcal,  regarding  ontogeny, 
phylogeny  and  heredity  Separately,  independently  of  one  another. 

Darwin's  materialistic  concept,  fundamentally  correct,  should 
be  contrasted  with  the  idealistic  view  of  the  nature  of  regeneration 
by  Weismann,  Morgan  and  their  followers.  He  regarded  the  power 
of  regeneration,  on  the  one  hand,  as  a  property  of  animals,  as  one 
of  the  forms  of  self- reproduction  of  their  organs  or  parts  of  the  body 
essentially  identical  with  the  phenomena  of  asexual  multiplication 
(budding  and  fission)  and  the  phenomena  of  growth  and  even  sexual 
multiplication,  and,  on  the  other  hand,  as  an  adaptation  of  animals 
to  their  existential  coxuiitions.  He  approached  regeneration  from  a 
Mstorlcal  standpoint,  implicitly  regarding  these  phenomena  in 
their  unity.  Fundamentally,  his  view  of  regeneration  is  correct 
and  requires  further  development. 

We  may  define  regeneration  as  one  of  the  adaptive  forms  of 
self -reproduction  of  living  matter.  Underlying  regeneration  is 
metabolism  —  anabolism  end  catabolism.  Metabolism  is  the 
primary  property  of  living  matter  and,  at  the  same  time,  it  is  an 
adaptive  process.  This  may  also  be  eaqtressed  in  a  different  way: 
adaptation  is  a  primary  property  of  living  matter,  because  under¬ 
lining  the  adaptation  is  metabolism  of  the  organism  which  is  in  unity  | 
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with  itA  exlctestial  conditions.  If  these  conditions  are  changed  there  > 
will  be  an  adequate  change  in  metabolism,  that  is,  the  organism  will 
adapt  itself  to  the  new  conditions,  and  hence  there  will  also  be  a 
change  in  the  power  of  regeneration  and  form  of  the  organism.  Hotr- 
ever,  adaptation,  that  is,  an  adequate  chdnge  of  the  organism  and  of 
its  metabolism  to  environmental  conditions,  will  not  always  be 
expedient  for  the  life  of  the  organism  and  can  ultimately  lead  to  the 
death  of  the  animal.  In  the  development  of  living  nature,  expediency 
and  particularly  the  phenomena  of  regeneration  is  not  determined  by 
adaptation  but  rather  by  natural  selection  -  >  by  heredity,  variation 
and  survival.  An  example  is  seen  in  the  regeneration  of  the  extremities 
of  lower  vertebrates  (axolotl,  triton),  an  expedient  adaptation  which 
contributes  to  their  viability;  in  the  higher  vertebrates  this  is 
absent,  because  under  the  conditions  of  their  evolutioxuu*y  development 
and  their  adaptation  it  would  have  led  to  a  reduction  in  their  viability, 
that  is,  it  would  have  been  inexpedient.  N.  Y.  Nasonov  (194)  justi> 
fiably  points  out  that  the  presence  of  a  delicate  blastema  on  the  wound 
surface  of  an  extremity  in  maimnals  would  be  a  source  of  trauma  and 
a  portal  of  infection  and  would  lead  to  their  deaths.  Oaring  the  coarse 
of  evolution  some  forms  of  adiqitation  are  replaced  by  others  which 
are  more  advantageous  for  the  organism,  according  to  its  existential 
conditions.  In  a  corresponding  manner  the  development  of  the  power 
of  regeneration  occurs  in  different  forms:  in  some  animals  the  power 
of  restoration  of  an  entire  individual  from  a  part  of  it  is  preserved; 
in  others  only  organs  may  be  regenerated;  in  still  others,  only 
physiological  regeneration  and  wound  healing  occur.  A  similar 
phenomenon  is  observed  in  the  same  organism:  some  organs  possess 
the  power  of  regeneration  in  it;  others  do  not. 

II 

There  has  been  and  continues  to  be  a  bitter  controversy  also  on 
the  subject  of  the  mode  of  regeneration.  Initially,  there  was  a  con¬ 
flict  between  preformlstic  and  epigenetic  trends.  Then,  scientists 
who  took  the  viewpoint  of  regeneration  as  a  transformation  began  to 
oppose  the  preformists  and  epigeneticlsts.  In  other  words,  develop¬ 
ment  began  to  be  conceived  as  a  transformation,  that  is,  the 
occurrence  of  something  new  on  the  basis  of  a  qualitative  change  £bi 
the  old  under  new  environmental  conditions,  under  new  existential 
conditions,  rather  than  a  prefojrmation,  the  development  o'r  growth 
of  pre-existing  elements  imd  rather  than  a  new  formation.  The 
specific  ideas  of  the  course  of  regeneration  have  changed  progress- 
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^  The  preformietlc  virchowi»or’.ceUular  theory  with  it«  mala  * 

principle*  of  "all  cells  only  from  a  cell",  "nothing  new  arises  in  the 
development  of  anything,  "  "the  cell  is  the  ultimate  element  of  living 
matter, "  and  others  received  particular  impetus  specifically  in  the 
study  of  regeneration.  Waldeyer,  Thiersch  and  Bard  extended  the 
virchowian  dogma  further,  declaring:  "Any  tissue  regenerates  only 
the  same  kind  of  tissue.  "  These  ideas^were  extended  in  biological 
and  pathological  research  on  regeneration.  Regeneration  was  con¬ 
ceived  as  a  reorganisation,  as  a  growth  of  pre-existing  tissues  in  the 
area  of  the  wound,  as  growth  occurring  by  means  of  active  cell 
multiplication  of  wounded  tissues.  Morgan  (1907)  wrote  this  directly: 

,  .  regeneration  is  nothing  other  than  the  repetition  of  growth  which 
has  temporarily  stopped. " 

This  theory  was  given  the  name  of  "the  theory  of  tissue  oixt- 
growth  in  regeneration.  "  The  frank  metaphysical  character  of  this 
theory,  the  idea  of  regeneration  as  growth  rather  than  development, 
and  the  platitudinous  view  of  morphogenetic  processes  require  no 
particular  analysis.  The  view  of  the  behavior  of  separate  tissues  was 
alto  metaphysical:  they  were  conceived  as  regenerating  independently 
of  one  another  and  for  this  reason  even  coming  into  conflict  with  one 
another.  Thus,  according  to  Tomier  (1906),  in  the  regeneration  of 
the  triton  tail  "growth  along  the  length  of  the  regenerate  Is  stimulatc^d; 
and  controlled  by  the  central  portion  of  the  regenerate  and,  specific¬ 
ally.  .  .  in  the  final  analysis  by  the  tail  skeleton  regenerate, "  while 
the  akin  inhibits  growth  of  the  regenerate.  In  this  way  he  formulated 
the  theory  of  mechanical  conflict  of  tissues  in  regeneration.  However^ 
at  the  same  time  and  even  in  the  studies  of  the  same  scientists,  facts 
began  to  be  accumulated  which  were  in  direct  contradiction  to  their 
theories.  Thus,  it  was  found  that  in  the  regeneration  of  extremities 
of  lower  vertebrates  the  skeleton  in  the  regenerate  appears  as  a  new 
formation,  similar  to  its  development  in  the  course  of  typical 
ontogeny  (Goethe,  1875;  Frcis,  1885;  Barfurt,  1891).  Somewhat 
later,  through  histologic  studies  it  was  very  firmly  estal>Ushed  that 
regeneration,  for  example,  of  the  extremities  of  salamanders  and 
tritons,  is  not  accomplished  by  means  of  a  simple  growth  of  pre¬ 
existing  tissues  but  rather  by  means  of  the  formation  of  a  blastema, 
that  is,  the  primordium  of  the  organ,  like  the  embryonic  primordium. 
The  blastema  consists,  of  epithelium  and  subepithellal  tissue*  formed 
from  cells  of  mesenchymal  or  embryonic  type,  initially  similar  to 
leucocytes  (Fritsch,  1911).  The  homogeneous  cell  mass  of  the 
blastema  grows  rapidly  and  forms  a  bud,  which  is  converted  into 
a  regenerate  by  means  of  farther  growth  and  differentiation.  This 

I  fact  of  regeneration  by  means  of  the  formation  of  a  blaatema  was  | 
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'  confirmed  •ubneqaently  by  n  number  of  iaveatigetors.  In  tble  way  ' 
the  ’’theory  of  regeneration,  by  meana  of  new  formation  of  a  blastema" 
was  created.  In  the  field  of  pathology,  for  example,  in  healing  of  a 
wound,  the  element  similar  to  the  blastema  is  granulation  tissue. 

The  fact  established  was  correct,  but  investigators  who  were  in 
the  realm  of  metaphysical  thinking  and  virchowian  ideas,  became  con> 
fused  in  their  theoretical  generali  nati  on  s,  and,  in  the  final  analysis, 
the  znajority  of  foreign  scientiiits  proceeded  along  the  line  of  idealism. 

The  theory  of  regeneration  by  means  of  new  formation  of  blastema 
required  an  answer  to  the  following  basic  questioas: 

1.  From  where  do  the  blastema  cells  come  7 

2.  How  does  growth  of  the  blastema  occur? 

3.  How  is  the  development  of  the  blastema  accomplished  and  on 
which  factors  does  its  quality  depend  ? 

The  first  question  in  their  theory,  supported  by  such  scientists  as 
Weiss  (1922>1930),  Cuyenot  (1922-1930)  and  others,  was,  for  the  most 
part,  answered  in  the  same  way  as  Weismann  answered  It,  by  ^  ssunoing 
the  existence  of  special  reserve  cells,  of  the  nature  of  the  Idioplasm  or 
germ  plasm,  from  which  the  blastema  elements  arise.  The  insolvency 
of  this  view  stems  from  the  fact  that  in  the  animal  organism  there  are 
no  such  reserve  embryonic  cells.  In  vertebrates  there  is,  for 
example,  connective  tissue  which  histologically  is  poorly  differentiated, 
but  in  its  propertieB  it  is  not  at  all  identical  with  the  cells  of  embryonic 
tissue.  On  the  other  hand,  it  was  shown  that  in  regeneration  of  both 
the  lower  (for  example,  hydras)  and  higher  animals  (for  example, 
vertebrates)  all  the  tissues  participate,  even  though  they  are  fully 
differentiated  and  can  in  no  way  be  classified  as  reserve  tissues. 
During  the  course  of  regeneration  the  differentiated,  tissues  regularly 
change  -  •  they  are  destroyed  and  dedifferentiated 

The  investigators  answered  the  second  question  generally  in  the 
same  way  as  did  the  representatives  of  the  "outgrowth’’  theory: 
specificity,  they  considered  that  the  source  of  regeneration  is  cell 
mu]t4>lfcatton  of  the  injured  tissues  in  the  area  of  the  wound.  This 
idea  was  based  on  the  theory  of  "wound  hormones, "  data  on  "mito¬ 
genetic  radlatian"  as  a  source  of  cell  multiplicatioa,  and  others. 
Whatever  the  kinds  of  cells  in  tiie  wound  area  —  whether  "reserve" 
or  old  fispae  cellsc  •*«  they  baLieved  that  multiplication  of  them 
eonefitntos  the  main  rogenerntion  process  of  the  organ.  The  logical 
eottsequenec  of  tUUf  idea  was  the  conclusion  that  in  order  to  stimulate 
tihs  regeneration  process  in  organs  or  tissues  it  is  necessary  to 
xnroduee  oir  stimulate  the  coll  multiplication  process.  This  idea 
uniftsd  ipores  of  vaz&suS  Invsstigatioaa  attemplinf  to  work  out  methods. 

I  of  sUaudidioa  of  cell  multiplication  and  hence,  wound  healing.  The  I 
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principle  became  generally  accepted  that  stimulating  wound  healing  > 
or  processes  of  regeneration  means  stimulating  cell  multiplication  in 
the  area  of  the  wound.  However,  a  strong  blow  was  struck  against  this 
idea,  because  proof  was  shown  that  regeneration  does  not  begin  with 
cell  multiplication  and  that  it  far  from  always  plays  the  main  part  in 
regenerastion. 

To  the  third  question  --on  which  factors  the  quality  of  the  blastema 
depends  --  the  epigenetic  theory  of  regeneration  gave  an  unsatisfactory 
reply.  Under  the  influence  of  Spemaim's  and  Gurvich's  ideas  foreign 
scientists  ->  defenders  of  the  epigenetic  theory  of  regeneration  -- 
began  to  conceive  of  the  blastema  as  devoid  of  its  own  organizational 
powers,  as  being  "nuUipotent*'  (Weiss)  and  determined  under  the 
influence  of  a  particular  specific  factor  of  the  whole,  a  "field"  or 
"organizer"  intrinsic  in  the  remnant  of  the  amputated  organ.  There- 
fore,  the  epigenesis  of  Spemann,  Weiss  and  their  followers  is 
preformism  inside  out  and  does  not  explain  but  rather  denies 
development,  denies  the  occurrence  of  a  new  quality  during  the  course 
of  development  of  the  regenerate. 

The  vicious  weismannistic-virchowian  "epigenetic"  theories  of 
regeneration  of  foreign  investigators  were  severely  rebuffed  and 
exposed  to  decisive  objections  by  Soviet  scientists,  who,  on  the  basis 
of  new  facts,  arrived  at  a  number  of  new  principles  and  the  form¬ 
ulation  of  the  theory  of  regeneration  by  means  of  trainsformation  of 
the  tissues  of  an  amputated  organ. 

m 


During  the  period  from  1930  to  1950  Soviet  investigators  estab¬ 
lished  a  number  of  essential  facts  and  drew  some  very  important 
conclusions  concerning  the  method  of  formation  of  the  regeneration 
primordium.  The  main  attention  was  given  to  the  problem  of  the 
initial  stages  of  regeneration,  which  determine  the  entire  subsequent 
course  of  the  process  and,  by  regulating  which  it  was  possible 
considerably  to  alter  the  course  of  the  entire  process.  In  this  res¬ 
pect  the  main  conclusion  consists  of  the  establishment  of  two  phases 
in  the  course  of  regeneration:  1)  the  phases  of  initial  accumulation, 
when  the  regeneration  primordium  is  formed  basically  without  cell 
multiplication,  and  2)  the  phases  of  secondary  accumulation,  at 
which  time  the  regeneration  primordium  is  formed  basically  by  means 
of  cell  multiplication.  This  conclusion  is  based  on  three  groups  of 
facta  (Polezhayev,  1945): 

1.  Young  regeneration  blastemas  of  an  extremity  or  tail  of  an 
I  axolotl  are  incapable  of  growth  when  transplanted  to  anotiber  part  of  sij 
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^axiimaX^v  bp<iy,  for  example,  to  tbe.  dorsal  rcgioa.  If  cell  material 
taken  from  the  subepithelial  portion  of  4-10  such  young  blastema#  i# 
added  to  it  for  the  tranapiantation  active  growth  of  the  tranaplanta  occurs, 
aad  «^prcpriately, '  an  extremity  or  tail-ljke  organ  is  formed  from  them. 
Hence,  tw^o  concluaiona  follow:  1)  young  regeneration  blastemaa  are 
not  "nullipotent, "  but  rather  possess  their  own  organizing  potentialities 
wMch  are  not  expretaed  because  of  the  stoppage  of  growth  of  the  young 
blastema  when  it  is  separated  from  the  old  tissues  of  the  regenerating 
.  organ,  and  2)  up  to  a  certain  stage  the  blastema  does  not  grow  by  means 
of  cell  multiplication  (mitotic  or  amitotic)  but  rather  by  means  of  the 
influx  of  cells  to  it  from  the  wounded  tissues,  for  the  most  pait  without 
proliferation. 

2.  At  a  certain  stage  of  ontogeny  extremities  of  tadpoles  lose  the 
power  of  regeneration,  and  after  amputation  of  the  organ  the  wound 
surface  heals  smoothly.  The  tissues  of  the  extremity  thereby  differ¬ 
entiate  progressively  and  are  very  little  destroyed  sifter  the  amputation. 

In  them  quite  a  number  of  mitoses  are  observed.  If  the  tissues  of  an 
amputation  wound  surface  of  an  extremity  are  injured  severely 
mechanically  or  chemically  they  are  subject  to  considerable  lysis  and 
deep-seated  dedifferentiation.  Thereb'y,  the  number  of  mitoses  increases 
little.  The  cells  lose  their  tissue  connections  and  create  a  blastema, 
which  grows  and  forms  a  typical  regenerating  extremity.  Therefore, 
loss  of  the  power  of  regeneration  of  extremities  in  anurans  has  as  its 
immediate  cause  the  loss  of  the  power  of  the  tissues  of  the  organ  to  be 
lysed  and  ded^ferentiated,  thereby  liberating  cell  material  \vithout 
prolife'rafidn,  rather  than  a  loss  of  the  power  of  multiplication  by  the 
cells  (mitotic  or  amitotic).  Therefore,  for  the  purpose  of  restoration 

of  the  lost  power  of  regeneration  of  an  organ  it  Is  necessary  to  pro¬ 
duce  destruction  and  dedifferentiation  of  tissues  in  the  wound  area 
rather  tlian  proliferation. 

3,  A  count  of  the  number  of  mitoses  showed  that  the  mitotic 
index  In  the  subepithelial  area  of  the  blastema  changes  regularly  at 
successive  stages  of  regeneration  of  the  extremities  in  tadpoles,  young 
and  adult  axolotls  and  tritons:  the  Initial  stages  of  formation  of  th^e 
blastema  occur  practically  without  mitosis  or  amitosis:  at  later  stages, 
the  number  of  mitoses  increases  sharply;  still  later,  this  number  is 
reduced.  This  means  that  initially  regeneration  proceeds  without  cell 
multiplication,  which  can  begin  only  when  the  primordium  reaches  a 
certain  size,  after  a  ceirtain  minimum  number  of  cells  has  been  pro¬ 
duced  in  it.  Then,  regeneration  proceeds  basically  by  means  of 
mitotic  multiplication.  Later,  growth  proceeds  by  means  of  an  in¬ 
crease  in  the  metaplastic,  acellular  masses  of  organic  matter. 

The  theory  of  tlie  biphasic  course  of  regeneration,  which  has 
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•  beec.  pririposed  agatest  the  current  idea  that  regeneration  iea  a 
grovitii,  accomplialied  by  mesois  of  cell  maltiplication  stimulated  by 
'’•a^auitid  Jjox'mones, '*  mitogenetic  rays  and  other  factors  foond  no 
sympathy  smong  investigators.  For  a  long  time  it  was  simply  over¬ 
looked*  and  then,  "after  being  noticed*  "  it  was  stated  that  it  was  in- 
correct,  tlunfc  at  the  initial  stages  ol  formation  of  the  blastema  cell 
divLiiloa  does  occur  but  it  proceeds  so  quickly  that  it  is  impossible,  to 
see  it  with,  ordinary  fixation  of  the  material.  Then,  this  theory  began 
to  be  acccjjted,  but  some  authors  (Luscher,  1946j  P'orsyth,  1946  and 
others)  cocisldered  it  their  own  discovery,  although  their  observations 
were  maile  12  years  after  its  formulation  and  even  though  they  were 
very  lncoR(;.pletc;  other  authors  declared  this  theory  to  be  obvious  and 
a  Icng-ktiQ'vn  fact.  Vorontsova  (1949\  who  knows  the  literature  and  the 
entire  Mstoiy  of  the  subject  excellently,  in  his  book  for  some  reason 
ascr  lbeft  this  theory  to  an.  American  investigator,  Litwiiler  (1939)  and 
to  B:(itina  (1940);  doubting  the  occurrence  ol  the  first  phase  of  formation 
of  the  regcaerate  without  mitoses,  through  the  destruction  and  de- 
diffe.ecn1;;LaHf>n  of  tissues,  she  writes  that  on  the  basis  of  the  existing 
data  "it  ;ls  impossible  to  gain  a  complete  idea  of  the  sources  of  growth 
of  th  t  regenerate.  Since  the  duration  of  the  various  mitoses  remains 
unknown,  it  is  difficult  to  take  into  consideration  the  role  of  the  latter 
In  iacreaslog  the  mass  of  the  regenerate."  "We  believe  it  is  still  pre- 
maEtn,*e  to  distinguish  phases  of  primary  an.d  secondary  accumulation 
in  the  ;:ci:rma.tion  of  the  regenerate.  "  These  doubts,  however,  do  not 
prevent  he:.*  later  from  accepting  what  she  had  just  denied;  she  writes: 
"St.nct;i>'  speaking,  only  the  sharp  separation  of  the  various  periods  of 
fonrintii&is  of  the  regenerate  is  objectionable.  Undoubtedly,  dediffer- 
enticitioxi  of  cells  which  have  entered  the  blastema  occurs  basically  at 
the  begiimittg  of  the  regeneration  process,  and  the  most  active  pro¬ 
liferation  occurs  at  the  late  stages  of  development  of  the  regenerate." 

It  is  chai/Rct eristic  that  Vorontsova  like  other  authors,  touching  on  the 
ques!;lon  ox  the  biphasic  nature  of  regeneration,  continues  to  "overlook" 
thre.ii!  groups  of  proofs  presented  and  discusses  and  crifeiciaes  only  one 
of  them  --  that  of  counting  the  number  of  mitoses  at  the  successive 
st.B,g>!!»  ofi  regeneration.  However,  whatever  critics  say  or  write,  they 
win  be  i!i>rc«d  to  reckon  with  the  existing  proofs  and  the  theory  w'bdch 
has  beer,  formulated,  because  it  more  correctly  depicts  the  course  of 
die  regeneration  process  than  previous  theory,  and  because  on  the 
basil!!  of  it  alone  it  is  possible  to  understand  the  course  of  this  process 
and  to  (Seek;  out  effective  method.s  of  controlling  it. 

Accordtag  to  the  old  concepts,  regeneration  is  the  secondary 
growth  of  an  organ  based  on  cell  multiplication.  Therefore,  in  order 


simple^ 


I  to  produce  regeneration  of  a  non-regenerating  organ,  it  is  necessary  j 
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jto  stimulate  the  process  of  cell  multiplication  in  injured  tissues. 

According  to  the  theory  of  the  biphasic  course  of  regeneration,  re¬ 
generation  is  not  at  all  a  simple  growth  but  rather  is  a  developmental 
process  with  qualitatively  different  stages  in  it;  in  order  to  produce 
regeneration  where  it  is  not  occurring  it  is  necessary  to  stimulate 
destruction  and  dedifferentiation  rather  than  proliferation.  In  other 
words,  the  approach  to  the  study  of  regeneration  and  its  control  should 
be  different  in  principle  from  what  it  has  been  previously.  So  far  this 
new  approach  has  justified  itself,  because  it  has  made  it  possible  to 
work  out  methods  for  restoring  the  lost  power  of  regeneration  of 
extremities  in  lower  vertebrates  (Polezhayev,  1933-1948). 

The  main  significance  of  the  data  on  the  biphasic  nature  of  the 
course  of  regeneration  lies  in  the  fact  that  they  permit  a  determination 
of  the  stage  nature  of  this  process.  Thereby,  by  stages  we  do  not  mean 
morphologically  but  rather  physiologically  different  stages  of  regener¬ 
ation  on  the  basis  of  which  these  morphologic  changes  occur  and  which, 
in  turn,  represent  an  expression  of  some  biological  stages  in  Academician 
T.  D.  Lysenko's  sense,  that  is,  stages  arising  during  the  couxse  of 
evolution  and  ontogenesis  as  an  adaptation  to  changing  environmental 
,  .  .cpnditid^SV-'Ilurliig.the  course  of.  regeneration  we  can '  detcHnihe 
successive^  qualitatively  different  physiological  stages: 

1)  the  stage  of  destruction  and  dedifferentiation  of  injured  tissues 
of  the  remnant  of  an  organ  and  2)  the  stage  of  growth  and  differentiation 
of  the  regenerate. 

The  first  stage  is  characterized  by  a  certain  type  of  metabolism: 
by  the  predominance  of  breakdown  of  tissues  proteins  over  synthesis  of 
them,  by  the  predominance  of  anaerobic  respiration  (glycolysis)  over 
aerobic  respiration,  by  a  shift  of  the  active  reaction  of  the  medium,  to 
the  acid  side  and  others*  The  second  stage  is  characterized  by  the  pre¬ 
dominance  of  protein  synthesis  over  analysis,  by  the  predominance  of 
aerobic  over  anaerobic  respiration,  by  a  return  of  the  active  reaction 
of  the  medium  to  normal,  and  others.  On  the  basis  of  the  first  stage 
epitheliallzation  of  the  wound  and  the  formation  of  the  blastema  (gran¬ 
ulation  tissue)  occur  by  means  of  the  primary  accumulation  of  cells, 
that  is,  basically  without  cell  multiplication.  On  the  basis  of  the 
second  stage  growth  and  differentiation  of  the  blastema  occur.  These 
two  physiological  stages  can  be  determined  not  only  in  the  regeneration 
organs  but  also  in  tissue  regeneration,  in  wound  healing  (see  Leytes, 
1945).  Therefore,  these  stages  characterize  all  the  processes  of 
regeneration. 

Naturally,  by  acting  on  the  metabolism  typical  of  the  first  or  the 
second  stage  in  different  ways,  it  is  possible  to  influence  the  course 
of  the  process  differently*  For  example,  artificial  increase  of 
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oxidative  procesaes  should  coxstribute  to  the  occurrence  of  the  I 

second  rather  than  the  first  stage,  of  proliferation  rather  than  de- 
differentiatlon.  This  is  the  way  it  actually  occurs.  The  thyroid 
hormone  stimulates  proliferation,  stimulates  smooth  wound  healing 
in  mammals  and  amphibia  but  shortens  the  stage  of  destruction  and 
dedifferentiation  and,  by  the  same  token,  inhibits  the  regeneration  of 
extremities  in  tadpoles. 

Loss  of  the  power  of  regeneration  of  extremities  during  the  course 
o£  metamoi^hoais  of  anuran  amphibians  is  the  result  cf  their  switching 
from  aqueous  conditions  of  existence  to  terrestrial  conditions,  is  the 
result  of  adaptation  of  the  animals,  whereby  there  is  a  qualitative 
change  in  their  types,  of  metabolism:  this  change,  associated  with  an 
increase  in  the  oxidative  processes,  leads  to  a  reduction  of  the  first 
stage  of  regeneration:  after  amputation  of  an  extremity  the  tissues 
of  the  organ  remnant  are  poorly  destroyed  and  dedifferentiated; 
primary  accumulation  does  not  occur,  no  blastema  forms,  and  the 
organ  does  not  regenerate. 

Artificial  intervention  (injury,  chemical  treatment  and  others) 
produces  a  type  of  metabolism  in  the  organ  characteristic  of  the  first 
stage  of  regeneration,  brings  about  destruction  and  dedifferentiation 
of  tissues  and,  hence,  the  formation  of  a  blastema  and  regeneration 
of  the  organ. 

Therefore,  phylogenetic  and  ontogenetic  loss  of  the  power  of  re¬ 
generation  by  organs  in  animals,  according  to  our  ideas,  is  the 
result  of  their  adaptation  to  new  existential  conditions,  is  a  change 
in  the  type  of  metabolism  in  an  individual  by  virtue  of  which  there 
is  a  reduction  of  the  first  stage  of  regeneration.  This  is  a  more 
advantageous  adaptation  for  the  animals  than  previous  ones;  this 
explains  why  in  a  number  of  cases  the  power  of  regeneration  of 
organs  disappears  during  the  coarse  of  evolution  and  is  replaced  by 
the  power  of  more  rapid,  smooth  wound  healing. 

The  stage  nature  in  regenerative  processes  is  an  expression  or 
recapitulation  of  some  phylogenetic  processes,  according  to  the  so- 
called  biogenetic  law.  An  analysis  of  the  type  of  metabolism 
characteristic  of  two  stages  analyzed  confirms  this  conclusion: 
characteristic  of  the  older  forms  of  animals  is  greater  lability, 
destruction  of  proteins:  glycolysis  rather  than  aerobic  reapiratton 
is  characteristic.  Therefore,  it  may  be  said  that  in  those  eases 
where  the  organs  regenerate  the  conditions  exist  for  adequately 
complete  recapitulation  of  the  first  stage  of  regeneration;  where 
organs  do  not  regenerate  these  conditions  are  absent.  Hence,  it 
is  clear  that  if  we  find  and  create  these  conditions  it  is  possible  to 


produce  organ  regeneration  in  places  where  they  usually  do  not 
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I  regenerate. 


IV 


In  the  previous  section  of  the  article  we  noted  the  insolvency  of  the 
criticism  directed  against  the  theory  of  the  biphasic  nature  of  the 
course  of  regeneration.  The  viciousness  of  this  criticisjcn  amounts 
basically  to  the  fact  that  it  attempts  to  drag  the  investigation  back  and, 
by  the  same  token,  drives  it  out  of  its  way  and  interferes  with  its 
progress.  However,  byway  of  '^undermining  ourselves,"  we  can,  on 
the  other  hand,  criticize  this  theory,  showing  in  it  contradictory 
features  which  it  has  not  resolved.  This  type  of  criticism,  by  destroy- 
ing  the  theory,  at  the  same  time  will  develop  it  further,  that  is,  It 
should  contribute  to  progress  of  research  on  regeneration. 

The  two  following  arguments  can  be  advanced  against  the  theory  of 
the  biphasic  course  of  regeneration:  1)  it  is  not  always  possible  to 
reduce  the  phase  o£  primary  accumulation  to  an  influx  of  cells  into  the 
blastema  as  a  result  of  tissue  dedifferentiation  of  the  organ  remnant; 

2)  it  is  possible  to  obtain  regeneration  of  an  entire  organ,  thereby 
practically  excluding  processes  of  cell  multiplication. 

After  the  amputation  of  extremities  in  young  tadpoles  signs  of 
destruction  and  dedifferentiation  of  the  tissues  of  the  organ  remnant 
are  exceedingly  severe,  they  include  a  very  large  distal  portion  of  the 
organ,  whereby  the  muscle  anlagen  and  the  connective  tissue  are  con¬ 
verted  entirely  into  a  multitude  of  isolated  mesenchyme -like  cells, 
while  the  cai'tilaginous  skeleton  is  converted  into  prochondral  tissue 
and  sometimes  also  into  a  mesenchyme -like  mass  of  cells.  From  this 
dedifferentiated  mass  of  tissues  and  cells  the  regeneration  blastema 
arises.  Thereby,  a  marked  shortening  of  the  remnant  of  the  amputated 
organ  is  characteristic,  which  in  all  probability  if  related  to  greater 
consumption  of  its  cell  material,  which  goes  into  formation  of  the 
blastema.  At  this  time  there  are  practically  no  mitoses  either  in 
the  blastema  or  in  the  organ  remnant. 

In  axolotls  and  tritons  signs  of  destruction  and  dedifferentiation  of 
tissues  of  the  amputated  extremity  are  quite  well  expressed  but  they 
include  a  smaller  tissue  thickness.  Therefore,  the  influx  of  cells 
from  the  organ  remnant  into  the  blastema  in  them  la  more  limited 
than  in  tadpoles.  Basina  (1940),  studying  the  mitotic  index  in 
regeneration  of  the  triton  extremity,  established  the  fact  that  up  to 
the  age  of  six  days  there  are  no  mitoses  either  in  the  blastema  or  in 
the  adjacent  tissues  of  the  organ  remnant;  in  the  blastema  (without 
epithelium)  there  are,  on  the  average,  180, 000  cells;  in  a  trans- 
.  verse  section  of  the  adjacent  tissues  of  the  extremity  an  average  of  i 
1 1.  500  cells  la  counted.  Therefore,  in  the  blastema  an  unusually  rapl4. 


active  multipUcatlcm  of  ceXls  occars  and,  thereby,  without  mitpeia.  ' 
From  where  are  these  cells  taken?  In  Basina's  opinion,  from 
amitotic  division  and  the  movement  of  cells  from  the  proximal  portion 
of  the  organ  rather  than  from  the  area  of  the  old  tissues  adjacent 
to  the  blastema,  because  for  this  purpose  the  cells  in  a  1.  2 -millimeter 
thickness  of  tissues  would  be  required. 

We  can  not  agree  withthls  opinion:  no  amitotic  cell  division  is 
observed  in  regeneration  of  amphibian  extremities;  It  is  a  rarity;  In 
addition,  if  the  blastema  arose  from  this  cell  division,  it,  the  young 
blastema,  would  be  able  to  grow  even  after  its  isolation  and  trans  ¬ 
plantation,  but  this  does  not  occur;  further,  it  is  perfectly  incredible 
that  in  the  proximal  portion  of  the  organ  remnant,  where  the  tissues 
are  not  dedifferentiated  but  are  structured,  the  ceils  could  be 
liberated  from  their  tissue  connections  without  being  noted  by  the 
investigator's  eye,  drive  through  the  thickness  of  tissues  of  the  distal 
portion  of  the  organ  remnant  and  form  a  blastema.  At  the  same  time, 
it  is  well  known  that  formation  of  the  blastema  is  associated  specifically 
with  the  distal  portion  of  the  organ  remnant.  The  fact  that  consumption 
of  a  considerable  tissue  thickness  of  the  distal  portion  o£  the  organ 
remnant,  equal  to  I.  2  millimeters  as  calculated  by  Basina,  Is 
required  for  the  formation  of  the  blastema  should  not  disturb  us  ~- 
It  occurs  in  this  way:  in  regeneration  a  certain  shortening  of  the 
organ  remnant  is  always  observed.  Nevertheless,  there  arc  cases, 
for  example,  in  the  transplantation  of  the  thin  (1-2 -millimeter  in 
thickness)  extremity  disks  to  the  back  of  an  axolotl  where  re¬ 
generation  ha, a  the  transplant  as  its  source,  and  the  number  of  cells 
In  it  is  less  than  in  the  blaatema,  particularly  keeping  in  mind  the 
considerable  absorption  of  the  transplant  tissues  after  grafting.  The 
question  arises,  from  where  do  the  blastema  cells  come  in  this 
case? 

Here,  the  idea  Is  possible  that  the  cells  are  formed  anew  in  the 
blaatema  from  organic  matter  occurring  from  destruction  of  the 
transplant  tLasues.  Checking  on  this  assumption  requires  careful 
cytological  and  histological  study  of  the  successive  elements  of  the 
i:^tial  stage  of  regeneration  and  the  performance  of  special  ex¬ 
periments. 

This  idea  appears  to  me  to  be  probable  to  the  highest  degree  in 
connection  with  the  brilliant  work  of  O.  B.  Lepeshinskaya  (1950), 
who  showed  the  possibility  of  new  formation  of  cells  after  their 
complete  destruction  in  the  hydra  and  in  the  healing  of  skin  wounds 
in  mice,  The  cells  thereby  are  not  formed  from  cells  but  rather, 
of  Virchow*s  dogma  "all  cells  only  from  a  cell, ''  they  are 
from  the  organic  matter  of  an  acellular  structure.  "Orgarxlfc 
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matter  tf  a  maaa  o£  pretoplaam  wMck  doea  not  bare  the  form  of  a  j 
cell,  'ehleh  contains  in  itself  nuclear  aubatance  in  one  form  or  another 
but  dots  not  hare  the  form  of  a  nucleua,  and  arhlch  is  in  the  protoplasm 
in  a  dispersed  or  diffoae  state;  organic  matter  muat,  of  neceaaity, 
poaaeaa  the  power  of  the  type  of  metaboliam  which  ia  an  eaacntial 
condition  for  their  exiatence"  (1950,  page  77).  "We  must  recogniae 
the  exiatence  of  Uriag  molecolea.  .  .  undoubtedly,  thoae  moleciilea 
should  be  considered  living  arhich  possess  the  power  of  metabolism 
which  leads  not  only  to  their  preservation,  rather  than  death,  but  also 
leads  to  their  multiplication  through  a  transitional  state  of  growth" 
(1950.  page  79). 

O.  B.  Lepeahinskaya^  s  discovery  permits  biology  to  take  a 
coloasul  step  forward.  The  author  haa  formulated  a  new  theory  of  the 
structure  of  living  matter,  a  new  cell  theory,  according  to  which  the 
ultimate  element  of  the  living  is  not  the  cell  but  rather  the  living 
matter  of  acellular  atructure,  from  which  at  a  certain  stage  in  its 
development  cells  arise  when  the  appropriate  conditions  are  present. 
Uxbdoubtedly,  there  ia  a  great  future  for  this  very  great  discovery, 
which  has  revolutionized  all  of  biology,  which  has  made  necessary  a 
reorganization  of  cytology,  histology,  embryology,  physiology, 
experimental  morphology,  pathology,  microbiology  (including 
virology)  and  other  disciplines.  Undoubtedly,  it  will  also  bring 
about  a  revision  and  a  great  advance  in  the  study  of  regeneration. 

O.  B.  Lepeshinakaya'a  principles  of  living  matter  is  the  stand¬ 
point  of  michuriniat  biology,  which  states  that  in  the  body  not  only 
the  cell  but  also  every  droplet,  every  molecule  is  capable  of 
metabolism,  is  alive  and  possesses  the  property  of  heredity.  There¬ 
fore,  her  theory  opens  up  new  specific  routes  and  approaches  to 
investigation  on  the  basis  of  the  principles  of  Michurin's  doctrine 
for  a  number  of  divisions  of  biology,  including  the  study  of  re¬ 
generation. 

At  the  present  time,  we  can  present  the  following  data  from  our 
observations  on  the  course  of  regeneration  of  extremities,  in  amphibia. 

During  the  first  few  days  after  amputation  of  an  organ  a  large 
quantity  of  organic  matter  accumulates  in  the  area  of  the  wound 
containing  small  granules  of  broken  down  cell  nuclei,  the  so-called 
detritus,  which  comes  from  local  tissucis  and  blood  cells.  This 
matter  or  these  breakdown  products  participate  actively  in 
metabolic  processes,  that  is,  they  are  alive  rather  than  dead. 

Further,  a  large  number  of  large  granules,  which  atain  with 
nuclear  stains  but  which  do  not  have  the  shape  of  typical  nuclei, 
appears  in  this  substance.  Shortly  after,  in  place  of  them  a 
^progressively  increasing  number  of  "regeneration"  cells  like  the 
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embryonic  menencbyme  of  blaatema  cella  appears.  These  cells, 
the  origin,  of  which  has  been  discnsced  for  a  number  of  decades  and 
has  not  been  finally  decided  in  one  way  or  another,  are  homogeneous 
and  initially  are  not  directly  connected  to  the  old  tissues  of  the  organ 
remnant.  It  ia  interesting  that  irdtially,  according  to  the  observations 
of  N.  F,  Baralcina  In  our  laboratory,  they  are  abnormally  small,  and 
a  multitude  of  small  growing  cells  is  encountered  along  with,  the  large 
cells.  (Data  on  the  origin  of  cells  in  regeneration  will  be  published 
in  the  special  works  of  our  laboratory).  These  facts  afford  the  basis 
for  the  supposition  that  at  least  the  beginning  of  the  phase  of  primary 
accumulation  is  brought  about  by  the  new  formation  of  .blastema  cells 
from  living  matter.  .  This  supposition  gives  us  the  clue  for  escplalning 
a  number  of  phenomena  observed  in  regeneration:  the  absence  of  cell 
multiplication  In  the  phase  of  primary  accumulation,  the  embryonic 
type  of  blastema  cells,  their  moi^hologic  homogeneity,  different 
sizes  and  others. 

The  phenomenon  of  new  formation  of  cells  in  regeneration  does  not 
negate  the  significance  of  the  phenomena  of  destruction  and  dediffer¬ 
entiation  of  tissues  ia  the  organ  remnant  or  their  necessity  for  re¬ 
generation.  Part  of  the  blastema  cells  undoubtedly  arises  from  the 
dedifierentiation  of  old  tissues,  but  another  part  of  them  is  newly 
formed.  On  the  other  hand,  destruction  and  dedifferentiation  of 
tissues  constitute  an  essential  condition  for  the  new  foirmatiou  of 
cells,  because  thereby  living  matter  la  formed,  and  conditions  are 
created  for  the  new  formation  of  cells.  The  process  of  new  cell 
formation  in  regeneration  proceeds  on  the  basis  of  the  stage  of 
destruction  and  dedifferentiation;  the  conditions  for  this  new  formation 
are  the  eazne  conditions  which  occur  at  this  stage  in  the  process  of 
recapitulation:  increased  proteolysis,  glycolysis,  acidification  of 
the  medium  and  others.  Living  matter  arises  through  the  break¬ 
down  of  protoplasm  and  of  the  nuclei  of  local  tissues  and  blood  cells. 

Let  us  retuim  to  the  position  noted  at  the  beginning  of  this  section 
that  in  sc  ne  cases  regeneration  of  an  entire  organ  is  observed  with¬ 
out  mitotic  division  of  cells.  From  previous  studies  (Guyenot,  1927) 
it  is  known  that  in  amphibians  the  extremities  regenerate  by  means 
of  the  formation  of  a  blastema;  the  tails,  by  means  of  the  outgrowth 
of  old  tissues,  ha  other  words,  this  means,  according  to  the  theory 
of  the  blphasic  nature  of  regeneration,  that  the  processes  of  cell 
multiplication  play  a  greater  part  ia  regeneration  of  the  tall  than 
in  regeneration  of  the  extremities  in  amphibians.  We  performed 


the  following  experiment.  In  young  grass  frog  tadpoles  the  hind  ‘ 
extremities  and  the -tails  were  amputated  simultaneously,  and  the 
I  animals  were  treated  with  colchicine  solution,  which  stopped  mltoaii 
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in  metaphase.  This  treatment^  therefore^  must  have  stopped  the  ' 
proceaa  of  mitotic  cell  division  during  the  course  of  regeneration 
(Poleahayev»  1945-1948;  Polenhayev  and  Gurvich,  1948).  It  might  be 
expected  that  despite  the  treatment  the  phase  of  the  primary 
accumulation  would  occur.  However^  the  result  surpassed  our 
expectations.  It  was  shown  that  although  the  phase  of  primary 
accumulation  occurred  in  both  cases  the  tails  could  not  regenerate 
further,  and  the  extremities  could  not  regenerate  completely,  even 
though  they  did  regenerate  in  a  somewhat  retarded  manner.  Cyto- 
logical  study  showed  that  in  the  tissues  of  the  regenerate  there  was 
a  multitude  of  cells  division  of  which  had  been  stopped  in  the  stage 
of  metaphase.  No  aunitotic  figures  were  observed.  Single  telo¬ 
phases  were  observed  only  at  the  very  end  of  the  regeneration  process, 
when  the  extremities  had  already  been  formed. 

How  did  regeneration  of  extremities  occur  in  the  case  described 
if  the  mitotic  division  process  was  completely  arrested,  while  the 
number  of  cells  in  the  regenerate  increased  continuously  ?  There 
could  have  been  two  sources  here;  1)  the  cells  were  liberated  from 
their  tissues  connections  because  of  tissue  dedifferentiation,  and  2} 
the  cells  were  newly  formed.  The  first  source  alone  could  hardly 
provide  for  the  entire  process  of  regeneration  of  the  extremities, 
since  the  total  living  maSa  and  the  total  number  of  cells  in  the  organ 
increased  considerably  during  regeneration.  Therefore,  the  second 
source  is  very  probable.  Further  experiments  should  clarify  the 
mode  of  regeneration  in  these  casea. 


V 

The  question  arises,  do  we  change  anything  if  we  adopt  the  position 
of  O.  B.  Lepeshinskaya  concerning  the  new  formation  of  cells  in 
regeneration?  Yes,  very  much  is  bhanged.  The  approach  to  the 
phenomena  of  regeneration  and  methods  of  controlling  it  are 
changed.  While  previously  attempts  were  made  to  stimulate  or  pro¬ 
duce  regeneration  by  methods  contributing  to  cell  multiplication,  the 
theory  of  the  hiphasic  nature  of  regeneration  required  a  different 
approach:  in  order  to  produce  or  stimulate  regeneration  it  is 
necessary  to  cause  destruction  and  dedifferentiation  of  tissues  of 
the  organ  remnant  rather  than  proliferation.  Now,  assuming  the 
poaslhiUty  of  new  formation  of  cells,  we  proceed  even  farther. 

Now,  we  can  say  that  in  order  to  produce  or  stimulate  regeneration 
it  is  necessary  to  create  conditions  essential  for  new  cell  formation. 
The  phenomena  of  destruction,  and  dedifferentiation  are  included  in 
these  conditions,  but  these  are  not  all.  Specifically,  the  blood  plays! 

0  MWMiJ 


46 


I  &  part,  the  significance  of  which  for  regener^^tion  has  been  very  wellj 
shown  by  O.  B.  Lepeshinskaya.  By  intentionally  creating  all  these 
conditions  it  is  possible  to  count  on  producing  regeneration  where  it 
does  not  occur. 

Therefore,  changes  in  ideas  on  the  mode  of  regeneration  absolutely 
change  the  approach  to  the  study  of  it  and  the  methods  of  controlling 
this  process.  However,  this  does  not  exhaust  the  subject.  O.  B. 
Lepeshinskaya*  s  theory  of  new  cell  formation  and  the  role  of  living 
matter  in  the  development  of  organisms  makes  it  possible,  or  more 
accurately,  makes  it  necessary  to  create  new  ideas  concerning  the 
method  or  nature  of  development  of  a  number  of  other  biological 
processes  and,  therefore,  opens  up  new  lines  and  prospects  for 
studying  them.  We  should  like  to  present  two  examples:  elsewhere 
(Polezhayev,  19^0),  the  idea  has  alreMy  been  developed  that  based  onth« 
michurinist  doctrine  of  heredity,  of  the  predominant  significance  of 
physiology  and  metabolism  in  the  development  of  organisms,  the 
recovery  not  only  of  lost  organs  (or  tissues)  but  also  of  the  functions 
of  the  body  should  be  classified  among  regeneration  phenomena.  In 
tMs  latter  case,  the  tissues  and  cells  of  the  organ  may  not  be  lost 
but  living  matter  and  metabolism  in  them  is, of  necessity,  altered. 
Therefore,  with  the  idea  that  regeneration  of  organs  and  functions 
are  primarily  and  necessarily  associated  with  the  conditions  under 
which  living  matter  arises  it  becomes  clear  that  for  the  purpose  oil 
restoring  lost  functions  it  la  necessary  to  create  conditions  for  the 
formation  of  living  matter  and  specifically  to  alter  the  metabolism 
of  the  organ  with  the  impaired  function.  Thereby,  we  can  apply 
this  to  any  organ,  internal  or  external,  or  any  function  of  it. 
Specifically,  it  1b  possible  to  restore  or  intensify  the  protective 
function  of  the  living  organism,  its  defense  forces  in  the  control 
of  infectious  diseases.  Along  this  line  in  recent  years  we  have 
attained  certain  positive  results,  and  the  problem  is  being  worked 
out  further. 

Another  example.  O.  B.  Lepeshinskaya*  s  theory  of  the  role  of 
living  matter  in  the  origin  of  cells  and  in  the  development  of  the 
organism  uncovers  the  broadest  prospects  for  working  out  the 
problem  of  malignant  tumors  and  methods  of  controlling  them. 

There  are  a  number  of  factors  in  common  in  the  development  of 
malignant  tumors  and  the  phenomena  of  regeneration,  although 
theae  proeesaea  are  qualitatively  different.  They  have  the  follow¬ 
ing  in  common:  both  proeesaea  begin  on  the  baals  of  the  stage  of 
destruction  and  dedifferentiation  with  its  specific  type  of  metabolism 
(increased  proteolysis,  glycolysis  and  others):  in  both  cases  de- 
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the  changes  undoubtedly  begin  with  much  earlier  changes  than  those  ‘ 
visible  under  the  microscope,  changes  invisible  under  an  ordinary 
microscope,  changes  In  the  physiology  of  metabolism  and  the  structure 
of  living  matter.  The  attention  of  investigators  ahould  be  drawn 
specifically  to  these  very  important  changes  In  the  organism  primarily. 
The  occurrence  of  malignant  cells  is  a  secondary  phenomenon.  It  must 
be  supposed  that  malignant  cells,  like  *' regeneration'*  cells  are  newly 
formed  from  living  matter,  but  under  particular  conditions.  It  is 
possible  that  this  specifically  explains  the  fact  that  in.  rapidly  growing 
tumors  there  are  very  few  mitoses  and  that  a  number  of  very  small 
cells  are  encountered  there.  Among  the  essential  differences  between 
the  phenomena  of  malignant  neoplasia  and  regeneration  we  should  like 
to  note  chiefly  the  following:  in  the  case  of  regeneration,  following  the 
stage  of  destruction  and  dedifferezitiation  the  stage  of  growth  and 
differentiation  occurs,  of  necessity,  with  the  type  of  metabolism 
characteristic  of  ua  (increased  protein  synthesis,  aerobic  respir¬ 
ation  and  others),  while  in  the  development  of  malignant  tumors  this 
stage  is  absent  and  is  replaced  by  the  process  of  tumor  necrosis. 
Therefore,  in  order  to  eliminate  the  development  of  a  malignant  tumor 
it  is  necessary  to  iuflict  the  main  blow  against  the  first  stage,  pri¬ 
marily  eliminating  the'  conditions  for  the  formation  of  living  matter  as 
a  source  of  the  neoplastic  malignant  change.  Naturally,  the  character¬ 
istic  features  of  the  problem  are  not  at  all  exhausted  by  the  few  state¬ 
ments  made  here.  For  ua  it  was  important  only  to  show  how  one  might 
approach  the  problem  of  malignant  tumors,  based  on  the  ideas  of  the 
nature  of  regeneration  phenomena  and  the  role  of  living  matter  in  It. 

From  what  has  been  stated  in  the  present  article  it  follows  that  the 
problem  of  the  mode  of  formation  (the  nature  of  development)  of  the 
regeneration  prlmordium  la  of  great  importance  for  working  out 
effective  methods  which  'would  make  it  possible  to  control  the  re¬ 
generation  process  of  organs  axxd  functions,  intensify  or  reduce  them, 
suppress  a  process  which  is  occurring  or  produce  a  process  where  it 
is  not  occurring.  This  problem  is  not  only  of  theoretical  Interest  but 
is  also  of  practical  significance  for  the  socialist  national  economy  and 
public  health.  This  problem  can  be  understood  only  on  the  basis  of 
revealing  the  bitter  battle  between  Idealism  and  materialism  which  has 
occurred  during  the  entire  time  of  development  of  the  study  of  re¬ 
generation,  on  the  basis  of  elimination  of  reactionary  idealistic  and 
metaphysical  concepta  of  Welsmann  and  Virchow  and  on  the  basis  of 
development  of  the  progressive  materialistic  principles  of  the  I.  V. 
Mlchurin-T.  D.  Lysenko  teaching  and  the  new  cell  theory  of  O.  B. 

Lepe  shinakay  a. 
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